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ABSTRACT 


The significant economic data for the current production multiblade 
watering and inner diameter slicing processes were tabulated and compared 
to data on the experimental and projected Varian multiblade slurry, STC 
ID diamond coated blade, Yasunaga multiwire slurry and Crystal Systems 
fixed abrasive multiwire slicing methods. Cost calculations were per- 
formed for current production processes and for 1982 and 1986 projected 
watering techniques. 
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1 . INTRODUCTION 


The manufacturing methods for photovoltaic solar energy utilization 
systems consist, in complete generality, of a sequence of individual pro- 
cesses. This process sequence has been, for convenience, logically seg- 
mented into five major "work areas": Reduction and purification of the 

semiconductor material, sheet or film generation, device generation, moduTe 
assembly and encapsulation, and system completion, including installation 
of the array and the other subsystems. For silicon solar arrays, each 
work area has been divided into 10 generalized "processes" in which certain 
required modifications of the work-in-process are performed. In general, 
more than one method is known by which such modifications can be carried 
out. The various methods for each individual process are identified as 
process "options". This system of processes and options forms a two- 

j 

dimensional array, which is here called the "process matrix". 

In the search to achieve improved process sequences for producing 
silicon solar cell modules, numerous options have been proposed and/or 
developed, and will still be proposed and developed in the future. It is 
a near necessity to be able to evaluate such proposals for the technical 
merits relative to other known approaches, for their economic benefits, 
and for other techno-economic attributes such as energy, consumption, 
generation and disposal of waste by-products, etc. Such evaluations have 
to be as objective as possible in light of the available information, or 
the lack thereof, and have to be periodically updated as development 
progresses and new information becomes available. Since each individual 
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process option has to fit into a process sequence, technical interfaces 
between consecutive processes must be compatible. This places emphasis 
on the specifications for the work- in-process entering into and emanating 
from a particular process option. 

The objective of this project is to accumulate the necessary infor- 
mation as input for such evaluations, to develop appropriate methodologies 
for the performance of such techno-economic analyses, and to perform such 
evaluations at various levels. The first application of this developing 
methodology was made to the Czochralski 's crystal pulling process. 

Previously, we had examined the reduction of quartzite to metallur- 
gical grade silicon and did a comparative evaluation of competing Czochralski 
techniques for growing single crystal, cylindrical ingots. The next major 
process step in the sequence for producing single crystal silicon wafers, 
today and in the near future (up to 1982), is the slicing technique. The 
evaluations were started with the current methods of multi blade slurry 
slicing, and inner diameter slicing using a diamond coated blade for which 
a large amount of the needed information is available. Nevertheless, 
substantial gaps or uncertainties were found in important information re- 
quired for both technical and economical evaluation of the currently 
practiced processes. In proceeding to the evaluation of processes which 
are still in the developmental or even conceptual stage, the gaps in needed 
information become very large. In these cases, it is necessary to fill 
the gaps more extensively with estimates based on extrapolations or 
analogies. Such estimates always leave some doubt on the accuracy of 
the evaluations, and it will be necessary to also make "probable error" 
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estimates to reduce decision mistakes based on early evaluations. Never- 
theless* collecting the information and carrying our evaluations at the 
earliest possible time provides not only a planning tool, but also aids in 
uncovering the deciding attributes about which information ought to be 
obtained at an early stage of the development process. 

We have tabulated production experience data obtained from Spectro- 

lab^^^ for slicing 2-cm rectangular, 5.4-cm and 7.5-cm diameter wafers 

using the Varian multi-blade slicing system, and similar data obtained 
( 2 ) 

from HAMCO , for ID slicing of 10.1 6-cm diameter ingots using their 

equipment. Experimental data from 0CLI^^\ Varian^^^ and for 

multiblade wafering, from OCLI^^^ and for ID slicing, and from 

( 8 ) 

JPL^ ' for the Yasunaga multi-wire slurry slicing system, were also tab- 

(91 

ulated. To complete the analysis, projections made by Varian'^ ^ for multi- 
blade slicing, by STC for ID slicing^^^ by Crystal Systems^^^^ for their 

(11 ) 

fixed abrasive multi -wire system, and by Solarex ‘ for the Yasunaga 
multi -wire slurry system were examined. 
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2. TECHNICAL DISCUSSION 


A. BRIEF DE-SCRIPTIONS OF THE SLICING TECHNIQUES 
1 . Multi blade Slicing 

The muHiblade slurry sawing method is one of the two tech- 
niques used in current production slicing. In its present configuration 
230-250 blades of 38-cm length of hardened 1095 steel are mounted and 
evenly spaced on a blade head that is, for slicing, reciprocated, at 
frequencies below 2 Hz (normally about 1.6 Hz), across the workpiece using 
approximately a 20-cm stroke. The abrasive slurry is pulsed sprayed or, 
at times, dripped onto the top surface of the workpiece and recirculated 
by a pump. The slurry is a SiC abrasive suspended in PC oil. It is nor- 
mally used for one load before it is discarded. There are no practical 
ways, at present, to re-use the abrasive slurry for more than one load. 

The current multi blade slicing machines can accept blade heads 
up to 18.5-cm wide. However, the number of blades in a blade head, and 
consequently, the number of slices that could be produced per load, is not 
limited by the blade head width per se, but rather by the maximum tension 
force the blade head can exert on the blades. This is about 401,800 N 
for current production blade heads^^^. An adequate saw force commonly 

called "blade load", is necessary to achieve economically acceptable cut- 

. (51 

ting rates in the slicing process. A blade load of about 1-2 N/blade^ % 

is usually applied. Excessive blade loading, and even normal loading 

after some blade wear, can cause deflection of the blades, often called 

"buckling", which results in inaccurately sliced wafers or even broken 


4 



wafers. To minimize buckling, the blades need to be stressed as much as 

possible, which, in current practice, is 80% of the yield strength of 

(51 

1095 steel, or 1.37 GPa . Therefore, the maximum number of blades pet- 

mitted per blade head is 401 .8/1 .37*A, where A is the cross-sectional 
2 

blade area in mm . For a 6.35 mm high blade, 0.20 mm thick, a size that 

(41 

is normally used in production' , the maximum number of blades thus is 

230. Reducing the blade thickness to 0.15 mm will increase the maximum 

number of 6.35 mm high blades to 307. At present, the thicker 0.20 mm 

blades are used in production because of their better wafer yield, as 

they are less susceptible to buckling which can be caused by vertical 

misalignment at the beginning of the slicing process and by increased 

blade tension, resulting from reduced crossection because of blade wear 

(51 

near the end of slicing' ‘ . 

There are two types of blade packages available: the drill -pin 

package and the epoxy package. In the former, the alternately arranged 

blades and spacers which determine the thicknesses of the kerf and wafers are 

held together by four threaded rods. It is the cheaper of the two types of 

package ($50 compared to $175), but often requires additional alignment 

(31 

before mounting on the slicing machine' . In the epoxy package, an 

adhesive is applied between the spacers and the blade ends to hold the 
(41 

package together' ‘ ^ 

The production procedure for multi-blade slicing involves first 
mounting the workpiece, or silicon crystal, with wax, epoxy, or other 
suitable cement on a graphite or ceramic base plate. The workpiece is 
then clamped by the baseplate to the slicing machine. To help increase the 
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yield, ceramic bars are often similarly cemented longitudinally onto the 
cylindrical crystal near its top and bottom horizontal tangents. The bars 
"smooth-out" the slicing by decreasing the varia-tion in kerf length 
and blade load as the blades travel downward through the cylindrical 
crystal. In addition, ceramic bars near the top tangent minimize the 
effect of vertical misalignment by reducing blade buckling by the time 
they enter the silicon crystal. Those bars near the bottom, help to 
smooth the transition of the blades cutting into the base material by 
equalizing the slicing properties above and below the crystal to base 
transition. Some of these benefits are also obtained, in some places, with- 
out the use of ceramic bars by varying the blade load according to the 
changing kerf length during the slicing process. After the slicing is 
finished, the wafers, still attached to the base, are removed from the 
slicing machine and the wafers are then detached from the base. 

The effective linear cutting rate of the multi blade process is 

presently about 550 times smaller than the ID diamond saw. The linear 

cutting rate cannot be increased significantly because of the limit on the 

blade load and because of the blade head mass which limits the reciprocating 

frequency. The blade load cannot be increased much beyond its present 

value without significantly increasing blade buckling since the tensile 

strength of the blades is fixed. Varian found that a blade load of 2.77 N/ 

blade caused severe enough buckling to separate the crystal from its 

mount^^^. In another experiment, a reciprocating frequency increase to 

fa) 

2 Hz resulted in sufficient vibration to break all wafers'^ . Therefore, 
in order to increase the throughput rate, or the wafer area produced in 
the multi-blade slicing process per unit time, either the number of slices 
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in the load, or the area yield per load, has to be increased without 
significantly increasing the time of the run. The area output per load 
can be increased in a combination of several ways: by increasing the num- 
ber of blades per unit blade head width, as can be achieved by decreasing 
the blade and/or spacer thickness; by increasing the width of the blade 
head without changing blade and spacer thicknesses; or by increasing the 

width of the workpiece. 

The blade thickness has a lower bound set by its strength. If 
the blade is too thin, it will buckle under the blade load, or break 
from the blade tension, resulting in broken wafers and low yields. 
Reduction of the spacer thickness is limited by the wafer strength. 

Slicing wafers too thin increases their chance of breakage due to pressure 

from the lateral blade movement, blade vibration, blade buck! ing, etc. As 

the blade and spacer thicknesses are decreased, the increased fragility 

of the blades and the wafers ultimately leads to significantly lowered 

yields. Experimentally, Varian' ' has found that using 0.15mm thick 

blades with 0.30 mm spacers still results in good yields. Under these 

conditions 0.25 mm thick wafers with 0.20 mm kerf are produced. This 

gives, assuming a wafer yield of 95%, which has been demonstrated by 

2 

Varian, an area conversion ratio of 0.9 m /kg-Si which is a 50% improve- 
ment over Spectrolab's recently experienced area conversion ratio in 
slicing 5.4-cm and 7.5-cm diameter wafers. 
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Varian is also currently experimenting with a larger blade head 
width that can accept 900 to 1000 blades. This blade head weighs approxi- 
mately one ton. Therefore, the workp.iece. w-11-1 be reciprocated against 
the stationary blades. The workpiece size is projected to be 12-cm in 
diameter and 40.5-cm long yielding a wafer area of 9.67 m^/load using the 
900-blade machine with the aforementioned blade and spacer thicknesses. This 
area yield is over four times higher than obtained in present commercial 
practice. Details on the Varian 900-blade head slicing machine, 
as well as other slicing processes discussed in the report, are listed in 
Tables I-III, and in the "University of Pennsylvania Process Character- 
ization" formats which are attached as an Appendix. 

A third method to potentially increase the area yield per load with- 
out increasing the slicing time would be to increase the width of the 

workpiece, or the kerf length, by slicing two or more ingots, placed 

f5l 

side-by-side, simultaneously. TP ‘ has found that the machine slicing 
time, and, correspondingly, the linear cutting rate, is essentially in- 
dependent of the kerf length. TI has therefore proposed slicing two 12-cm 
diameter ingots at one time to increase the multi-blade slicing productivity. 
The area yield per load, with details of this projection given in Tables 
I to III, can thus be doubled without significantly changing the slicing 
time. 


2. Inner Diameter Slicing 

In the process of inner diameter, or ID, slicing, one wafer is 
sliced at a time with a rotating, diamond impregnated blade. The rotation 
speed depends upon the blade size, and is 2,100 rpm for a blade with a 
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15.25-cm diameter hole, and 1650 rpm for a 20.32-cm diameter, inner dia- 
meter blade. The blade consists of a stainless steel core which is 0.10 
and 0.15 mm thick for 15.24 and 20.32-cm blades, respectively, with dia- 
mond plated edges. The total thickness of the 15.24-cm blade is approxi- 
mately 0.30 mm, and the 20.32-cm blade is about 10% thicker. The blade 
is mounted around its rim in a vise-like holder where hydraulic pressure 
is applied to tension it radially. 

The linear cutting rate, or the rate that the inner diameter blade 
traverses the silicon can be up to 305 ctri/h, or almost three orders of 
magnitude higher than for the slurry, multi-blade process. There are 
several reasons for this. First, the inner diameter blade speed is approxi- 
mately 1,600 cm/sec as opposed to less than 80 cm/sec for multi blade 
slicing. Therefore, the contact length per unit time between the blade 
and the silicon for ID slicing is twenty times higher than for multiblade 
slicing. Also, fixed abrasive slicing removes more kerf in a unit contact 
length because there are two surfaces moving relative to each other instead 
of three as in slurry slicing. In slurry slicing, the abrasive is pushed 
into the workpiece and is "rolled out". Whereas for fixed abrasive slicing, 
the abrasive cuts into the workpiece to remove the kerf. Finally, the 
diamond plated layer on the ID blade increases the blade’s rigidity and 
thickness and allows the application of more force, by the blade, on the 
workpiece than in multiblade slicing. The total thickness of the ID 
blade is 300-330 ym thick while the multiblade is 150-200 ym thick. It 
should be noted that the effective ID cutting rate is about 10-20% lower 
than indicated by the blade's linear cutting rate because of the 18 to 24 
seconds between two consecutive slices, when the blade is returning to its 
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original vertical position and the silicon crystal is being indexed. 

In mounting the ingot, one end is attached to a graphite base with 

epoxy and, the ingot is then placed in a box- with rubber supports along it's 

length to keep it rigid. The stiffness of the mount will affect the 

vibration level between the blade and workpiece, influencing the wafer 

(31 

thickness and yield ^ . At present, ID machines can accommodate ingots 

(2 31 

up to 50-cm long^ * \ The current practice of slicing 10.16-cm diameter 

2 

wafers, 0.50 mm thick with a 0.33 mm kerf, yields a area of 4.8 m /load 
2 

or 0.50 m /kg, at a practical wafer yield of 98%. During slicing, either 
water or water mixed with a small percent of Rust-Lick is sprayed on the 
cutting edge, at a rate of about 2 mi^sec, to cool the blade. The blade 
must be dressed, every 50 slices for the 15.24-cm blade and every 25 slices 
for the 20.32-cm blades for proper slicing, in order to remove dirt and 
expose a fresh cutting surface. The dressing is done with 5 cuts of an 
alumina stick. The lifetime of the blade is dependent on the rate of 
diamond "pull-out" and the degree of metal fatigue and varies quite ex- 
tensively from blade-to-blade. The lifetime median is about 3,000 7.52-cm 
diameter sTices for the 15.24-cm blade and 5,000 10.16-cm diameter 
slices for the 20.32-cm- blade. 

A method being investigated, to increase the ID saw's productivity 

(71 

by a factor of two, is crystal rotation^ . The cutting speed is doubled 
using a rotating crystal since the blade has to traverse only half-way 
through the crystal diameter. The half penetration in rotating crystal 
slicing permits the use of a cheaper, smaller diameter, and thinner inner 
diameter blade. For slicing 10-cm diameter wafers with this technique the 
wafer thickness and kerf are expected to be 225 ym and 210 ym respectively^^^ . 
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A UPPC format for slicing rotating 10-cm diameter crystals with the 
ID saw is attached to the Appendix, This process is expected to be in 
commercial use by 1982. 

3. The Yasunaga YQ-100 Multi wire Saw System 

The Yasunaga multiwire saw is a slurry slicing system which 
uses a single wire (600 to 30,000 in length) routed around a rocker arm 
tensioning device, a wire guide catridge, and a take-up reel. The con- 
tinuous wire forms up to 250 multiple loops around the three grooved wire 
guides, arranged in an equilateral triangle, that are the key parts of 
the wire guide catridge. During slicing, the wire guide catridge oscillates, 
while the workpiece is raised against the wires with a preset force. An 
abrasive slurry is sprayed on the cutting surface. The procedure for 
mounting the silicon crystal for multiblade slicing is similar to that 
described for multi blade slicing. 

The chief potential benefit of the Yasunaga saw is its high 

area-mass conversion ratio by employing closely-spaced, small diameter 

wires. The current YQ-100 model has a workpiece capacity of 10x10x10 cm 

and as demonstrated by experiments, results of which are listed on a 

UPPC format attached in the Appendix, it can slice 215, 212+7 pm thick 

wafers with less than 200 ym kerf using 0.4 mm pitch guides, 0.16 mm 

diameter wire and 13 ym SiC abrasive. Under those conditions an area to 

2 

unit mass ratio of 1.04 m /kg is obtained, which is about 50% higher than 
what anyother current production or experimental slicing system achieves. 
This higher area to mass ratio effectively reduces the consumption of 




single crystal silicon, to produce a given wafer area, by a third. It 
is projected that the Yasunaga saw can achieve an area-mass ratio of 1.42 
m /kg by employing closer spaced pitch guides (-0.-3 mm), sma'l'Ter diameter 
wire (0.08 mm) and a finer abrasive { 5 pm). This would yield a 200 pm 
thick wafer with 100 pm kerf^^^^. 

It is believed that the narrow lapping band of the wires of 
the Yasunaga saw results in wafers with less subsurface damage than with 
other commercial slicing, techniques^^^ and this is being investi gated 

Currently, the Yasunaga saw is not used for the production of 
silicon wafers, at least not in the USA, although Solarex has recently 
obtained a machine for pilot line operation. 

4. The Multiwire Fixed Abrasive Slicing Technique ("FAST") 

This method is similar to multi blade slicing, except that the 
silicon is sliced with diamond-impregnated wires instead of steel blades 
and an abrasive slurry. In FAST, the diamond impregnated wires are 
mounted and evenly spaced, at a linear density expected to be up to 
25 cm , on a light weight frame that is reciprocated across a rocking 
workpiece^^^^ . The wires are coated with 22 to 45 pm diamonds imbedded 
in a metal matrix, and can be coated on their bottom halves only 
to reduce abrasive costs. Development is still proceeding towards finding 
an optimum wire composition, but it has been found that heat-hardened, 
tungsten core wire, diamond-impregnated, and nickel -plated, has a good 
lifetime, which means it could be used for about 10 loads before signifi- 
cantly losing its cutting ability^^*^^. 
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Crystal Systems has conducted most of their experiment^ per- 
taining to FAST, on a modified Varian 686 watering machine. Consequently, 
the slicing potential of multiwire, fixed abrasive slicing has not been 
fully demonstrated. For example, workpiece size has been, for most of 
the experiments only 4x4 cm, and the reciprocating rate lower than re- 
quired for optimum fixed -abrasive slicing. A slicing machine,, built to 
Crystal Systems' specifications, have just been delivered to them 
and slicing with this machine has just been initiated. The new slicing 
machine has been designed to provide higher cutting rates and lower wafer 
and kerf thicknesses and operate with a much lighter blade carriage, at higher 
reciprocating frequencies, and reduced vibration than the Varian machine. 

It is expected that this multiwire, fixed abrasive slicing technique could 
have a cutting rate of 0.6 cni/h (twice the value previously achieved with 
good yields), with an area to mass ratio of 1.1 m /kg by prodt^cing wafers 
200 pm thick with a 200 pm kerf. 

The add-on prices for "FAST", detailed in one of the UPPC 
formats attached to the Appendix, have been projected for 1986 since the 
state of development of the system and the comparatively small base of 
experimental data available, making it unlikely that this slicing tech- 
nique could be in significant commercial operation by 1982. 


B. TABULATION OF OPERATION, LABOR, MATERIAL AND COST DATA 

Tables I to III summarize the data provided by various organizations 

for the slicing techniques that are being used or developed. Included in 
these tables are production experience data from Spectrolab^^ ^ for multi- 


13 



TABLE IX 


SLICING OPERATION DATA FOR MULT2BLXDE WXFERIMG 



Organization 

(p 

2 cn 

Rectangular 

Soectroli 
reduction £x] 
5.4 cm 
Diameter 

lb 

scrience) 

7.5 cm 
Diameter 

OCLI 

(Experimental) 
10.16 cm 
Diameter 

(Experiment 
no P-005) 
lOcm Diameter 

Varian 

(Projection) 
lOor Diameter 

( SOO blade 
projection) 
12cm Diametet 

2L 

xperimentaj 

incl. Projection 
12cn Diameter 

B 

Korkpioce size 

8 X 17 cm 

16 cm long 

16 cm long 

15 cm long 

11.7 cm long 

13.5 cm lone 

40.5 cm long 

2, 13 cm long 
Ingots 

H 

No. of wor)?pieccB/ 
load 

not appli- 
cable 

3 

2 

1 

1 

1 

1 

2 

B 

Slices/load 

1750 (2x2 
cm) 

750 

500 

230 

234 

300 

SOO 

460 

1 

Wafer thickness 
(na) 

0.35/0.45 

cat 

0.2/0. 3 
etched 

0.4 cut 
0.3 etched 

0.4 cut 
0.3 etched 

0.33 + 
0.03 

0.29 + 
0.04 

0,25 + 
0.015 

0.25 

0.32 

5. 

Kerf thickness 
<wm) 


0.275 

0.275 

0.33 

0.22 

0.2 

0 2 

0.24 

6* 

Practical Wafer 
Yield 


Q.9S 

0.95 

0 84 

0.83 

0.95 

0.95 

1.00 

7. 

Fraction Silicon 
incorporated in 
wafer 

H 

0.56 

0.56 

0.42 

0.47 

0.53 

0.53 

0.57 

8 

Pepth of Subsur- 
face damage ( ) 


75 

75 

n.a. 

10-15 

10-15 

n.a. 

10 severe 
33 slight 

B 

Abrasive 


600 grit 
SaC 

odd grit 
sic 

400 grit 
SiC 

600 grit 
SiC 

600 grit 
SiC 

600 grit 
Sic 

600 grit 
Sic 


Vehicle 

PC oil 

PC oil 

PC Oil 

PC oil 

PC oil 

PC oil 

PC oil 

PC oil 

D 

Concentration 

(kg/^ 

0.24 

0 24 

0.24 

0.8 

0-36 

0 36 

0,36 

0.24 

12. 

flow rate (H/h) 

low 

low 

low 

n.a. 

n.a. 

n.a. 

n.a. 

18 

13. 

Type of Blade 

1095 ' 
steel 0.2 
snn thick 

1095 

steel 0 2 
mm thick 

1095 

steel 0.2 
rgn thick 

1095 

Steel 0.2 
mm thick 

1095 

steel 0.15 
mm thick 

1095 

steel 0.15 
mm thick 

1095 

steel 0.15 
mm thick 

1095 

Steel 0.20 
ssn thick 

14. 

Blade dimensions 

n.a. 

n.a. 

n.a. 

6.35 mm 
high ■ 
0.46 zma 
spacers 

6.35 mo 
high 
0.35 mm 
spacers 

6. 35 mm 
high 
0.30 nan 
spacers 

6.35 no) 
high 
0 30 Ecm 
spacers 

6.35 non 
high 
0.36 mm 
spacers 

IS. 

Amount on 
machine 

250 blade 
drill pin 
pack 

250 blade 
drill pm 
pack 

250 blade 
drill pin 
pack 

230 blade 

epoxy 

package 

300 blade 
package 

300 blade 
package 

900 blade 
package 

230 blade 
package 

16 

No. of runs be- 
fore blade 
change 

7 

2 

1 

1.5 

1 

1 

2 

1 

17. 

Wafer area/Xoad 

(m2) 


1.63 

2.10 

1.S7 

1.53 

2.24 

9.67 

5.20 

18. 

Area yield 
(a? /kg) 


0 60 

0 60 

0 54 

0,71 

0.90 

_0.90_ 

q,76 

19. 

Effective cutting 
rate (cm/b) 


0 25 

0.34 

0.5 

0 31 

0.34 

0.41 

0.66 


seginent/load (h) 

5.5 

P2 

22 

20.5 

32.0 

29.5 

29.5 

18.2 

21. 

Load/tlnload time 
(h/load) 

0.25 

0.25 

0.25 

0.45 

O.stp) 

0.5 

0.5 

0.5 

22. 

cutting tool 
change, machine 
service (h/load) 

0.2 

0 5 

1 0 

0 67 

0.5(p) 

m 

0.5 

0 6 

?3 


5 95 

22 75 

23.25 

21.6 

33 0 

30. S 

30.5 

20.0 

i 


o.US 

0 071 

0 090 

0 07 

0 046 

0.074 

0 317 

0.24 
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7ABLS IB 


SLICING OPERATION DATA FOR KULTIWIRE flNO INNER DIAMETER WAFERIKg 


Mult Lw ire Waferxng 


Inner Diameter Slicing 


Organisation 




Korkpxece size 
No> of workpieces/ 
load 

Slices/load 

wafer thickness 
(imn} 

5. Kerf thickness 
(mm) 

6. Practical Wafer 
Xield 

Fraction Silicon 
Incorporated m 
Wafer 

a. Depth of Surface 
damage <Um) 


Crystal Systems 
fixed Abrasive 
Method 
(projection) 


1 30x10x10 cm 


Yosunaga YCV-IQO 


Experimental) \ (Projection) 1 (Experimental) (].xperimentdl> I (prodiiction e:^,) 


7.6 ere 
diameter 


10 cn 
diameter 


7.6 cm 
diameter 


10 cm long j I 50 cm long 


215 

0.21 + 0.01 
0 2 
1.00 


|Fissures ex- 
tend 3 vm 



0 36 + 0.02 
0.33 
0.95 


10.16 cm 
diameter 


25 Ttcti long 


0.36 + 0.02 
0.35 
1.00 


10.16 cm 
diameter 


Ahrasivc 

none 

GC 1200 
(13 pm) 

5 pm SlC 

none 

none 

vehicle or 
coolant 

1:1 water: 

ethylene 

glycol 

lapping 

oil 

n.a. 

60.1 waters 
rust lick 

80:1 water: 
rust lick 

Concentration 

- 

-I.S 

n.a. 

- 

- 

Flow rate 
(£/h) 

n a. 

3600 

3600 

7.2 

8.4 



Type of blade 

i-fi plated. 

Steel wire 

Steel wire 

Model STC-16 

Model STC-22, 

IB blade 

or wire 

tungsten wire, 
diamond im- 
pregnated 



1 ID blade, 
diamond 
plated 

ID blade, 

diamond 

plated 

diarond 

plated 

Blade or wire 

0 125 rm 

0 16 mm dia- 

0.08 mm 

42 23 cm OD 

55.88 cm OD, 

n.a. 

dimensions 

=ore 0.25 non 
total diameter 
45 pm diamonds 

meter 0.4 mm 

pitch 

guides 

diameter, 

0.3 mm pitch 
guides 

15.24 cm ID 
0,10 mm thick 
core# 

0.28-0,30 total 
thickness 

20, 32 cm ID, 
0.15 mm thick 
core, 0.33- 
0.36 total 
thickness 


Amount on 
machine 

NO. of loads 
before blade 

250 wire blade 
package 

-17,000 m 

-35,000 ra 

1 

1 

1 

change 

9 

3 

3 

^ 4.1 

14.3 

1 



20. Slicing time 
segment/load (h) 

21. Load/Onload 
tiine (h/load) 

22 cutting tool 

change « machine 
«icrvice (h/load) 
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( 2 ) 

blade slicing and from HAMCO for ID slicing, and experimental results 
for multiblade slicing, from OCLl^^^, Varian^^^ and for multi 

slicing from and ID slicing from OCLI^^^. In addition, projections 

made by Varian for multiblade slicing^^^ , by Crystal Systems^^^^ for 
their "FAST*' method, and by Solarex^^^^ for the Yasunaga saw are included. 
In the Appendix, UPPC formats containing the details of the information 
obtained, are shown for these principle applications or projections for the 
slicing techniques. 

The operation data for multiblade slicing are listed in Table lA, 
while Table IB contains the corresponding data for the fixed abrasive and 
slurry multiwire and the inner diameter slicing processes. These tables 
contain the process attribute of slicing which are summarized on Figure 1. 
The first two lines of Table I are the dimensions of the workpiece and 
the number of workpieces per load, the product of which is the slicing 
machine's capacity. The wafer area produced in a load is related to the 
workpiece capacity through the wafer and kerf thicknesses and practical 
wafer yield. This wafer area per load (Table I, line 17) can also be 
calculated as the product of the theoretical number of slices cut per 
load (Table I, line 3), the "practical wafer yield" (Table I, line 5), 
and the area of the single wafers. The "practical wafer yield" fraction 
is the number of acceptable wafers divided by the theoretical number 
sliced per load. The wafer area per unit mass (Table I, line 18) is 
calculated by dividing the practical wafer yield by the product of the 
sum of the wafer and kerf thicknesses (Table I, lines 4 and 5) and the 
density of silicon, or 
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PmCESS, ATTRIBUTES 


WORKPIECE SIZE AMD NUMBER/LOAD 
WAFER THICKNESS 
KERF THICKNESS 
PRACTICAL YIELD 
(DEPTH OF DAI^AGE) 


EFFECTIVE CUHING RATE 
LOAD/UNLOAD TIME (INCL. TOOL CHANGE) 
MACHINE PRODUCTIVITY 
MACHINE AVAILABILITY 


Figure 1 . 
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1.18 = 


10 * 1.6 


m^/kg , 

(1.4 + 1.5)*2.34 


where I*n represents the value from Table I, line n. 

The wafer thickness, kerf and practical wafer yield are necessary 
for finding the division of the input silicon crystal or workpiece into 
the silicon incorporated in the work-in-process wafer (Table I, line 7) 
and that silicon lost in kerf and broken wafers. 


The procedures for determining the subsurface damage depthSj listed 
in line 8 of Table I, were not consistent between organizations. The 
most accurate method for determining subsurface damage depth is to re- 
move wafer surface material until the cell efficiency becomes independent 
of any further removal. Spectrolab's values reflect this procedure^^ 

The other subsurface damage depths were determined by chemical etching 

f4l 

to remove surface material followed by Vlright etching to reveal defects^ , 

(5l 

by etching and x-ray topography' , and b y an gle lapping and Sirtl etch- 
ing^^^. 

Indirect material requirements, briefly summarized on Figure 2, in 
terms of the abrasive and vehicle, or coolant type, the slurry concentra- 
tion and its flow rate or that of the coolant, are listed in lines 9-12 of 
Table I. Lines 13-16 describe the expendible tooling requirements such 
as the type of blade or wire, its dimensions, the size of the blade patk 
and its life expectancy. These data are necessary for determining the 
expendible tooling and material costs. 

The effective cutting rate (Table I, line 19) is defined here as 
the workpiece diameter divided by the slicing time segment, which is the 
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time the machine is actually sawing (Table I, line 20). The time 
periods when the machine is not actually slicing and cannot be used for 
slicing because of preparatory or service operations, are listed in lines 
21 and 22„ The sum of these lines and the slicing time segment is the 
machine segment time (Table I, line 23), or the average time needed for 
slicing a load, including loading, unloading and servicing- The machine 
segment time is needed for calculating the number of loads processed 
annually, and the machine productivity (Table 1, line 24) which is the 
wafer area sliced in a load divided by the machine segment time. 

The requirements per machine load for labor, included that needed 
for service and repair, for indirect material needs, including electricity 
consumption, for capital expenses, which consists of machine and facility 
components, are included in Tables IIA and IIB. These data form the basis 
for calculating of the manufacturing cost components of labor, expendable 
tooling, indirect materials, and capital. Also listed in these tables 
are values necessary for calculating direct material or silicon costs: 
the proportion of silicon lost in grinding the cylindrical ingots to a 
uniform diameter, the unit mass of silicon incorporated in the wafer and 
that lost in kerf and broken wafers. 

The labor times required for each part of the crystal slicing 
operation (see Fig. 2), that is crystal mounting, machine loading and 
machine monitoring are listed in lines 1-3 of Table II, with their total 
on line 4. The service labor time, which includes changing the blades or 
wires, is listed in line 5. 
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Table II* 


SLIC1HC I^ B nR *HP H* TER1*T, AWAt.YSI S TOR HULTIHL*UE SMCIHO 



OtoenlicUon 

(P 

2 era 

Rectangular 

roductlon Exp 
1 5 . 4 era 

Oiatnc.tor 

b 

orlenee) 

7 . 5 cm 
Diameter 

{Experimental} 
10 16 cm 
Diameter 

(Experiment 
no. P-005) 
IQcm Diameter 

Vorlni) 

(projection) 
10cm Diameter 

(900 blade 
projection) 
l 2 cn Diameter 

Ik 

(Experimental 
incl. Projection) 
12cffl Diameter 

1. 

Crystal itount 
time (h/load) 

0.5 


0.25 

0.25 

0.27 

n.a. 

n.a. 

1.0 

2 

Machine load- 
unload labor 
(h/load) 

0.25 


0 25 

0.45 

0.4 

0.67 

0.67 

n.a. 

3. 

Machine super- 
vision during 
slacing (h/load) 

0 58 

5 1 

5 2 

0.45 

0.67 

0.67 

1.60 

0,07 

1 

^■1 

1 33 

5.6 

im 

1.15 

1,33 

1.33 

2.27 

1.07 



0 4 

1 4 

1.4 

0,87 

0 67 

0.67 

0.67 


1 

Blade or wire 
set cost ($) 

"50 

'■50 

"50 

175 

"SO 

23.50 

39. 4S 

6.90 1 

1 

Vehicle or 
coolant con- 
sunption 
U/load) 

7.6 

7.6 

7.6 

6.8 

7.6 

7.6 

15.0 

n.a. 

8. 

Asiount of 
abrasive con- 
sumed (kg/load) 

1.8 

1.8 

1.0 

5,45 

2.74 

2,74 

5,4 

n.a. 

“5" 

Power require- 
ments 

(k Vmachino) 

1 

1 

1 

1 

1 

0.75 

1.67 

1 

10 

Energy con- 
sumption 
(JcWh/load) 

5.5 

22 

22 

20.5 

32 

22 

49.3 

18,2 

11. 

Machine avail- 
ability (%) 

90 

90 

90 

90 

90 

90 

90 

90 

12. 

Potential no. 
of runs in a 
year 

(8280 h work 
year) 

/ 

1250 

325 

320 

345 

225 

245 

245 

370 

13 

Machine cost 
(5) 

20,000 

20,000 

20,000 

20,000 

20,000 

20,000 

30,000 

30,000 

14 

aimusl aa- 
cbine cost 
($/year) 

4,280 

4,280 

4,280 

4,280 

4,280 

4,260 

6,420 

6,420 

15. 

Allocatable 
building 
area (m^/ 
machine) 

11.2 

11.2 

11.2 

11.2 

11.2 

11.2 

11.2 

11.2 

16. 

Allocatable 
building 
coat ($/ 
machine) 

8,400 

8,400 

8,400 

8,4GO 

8,400 

8,400 

8,400 

6,400 

17 

Annual 
building 
cost ($/y) 

980 

980 

980 

98G 

980 

980 

980 

980 

18 

Fraction of 
silicon lost 
in grinding 
ingots (\) 

(100 x(0. ^d>) 


11 1 

8,0 

5.9 

6.0 

6 0 

5 0 

5,0 

19 

Silicon in- 
corporated 
into wafer 
(kg/m^-wafer) 

0.81/1 05 

0.94 

0.94 

0.77 

0.58 

0 59 

0.S9 

0,75 

20. 

Kerf and 
broken wafer 
loss (kg/m^ - 
wafer) 

0.63/0 73 

0.73 

0.73 

1.07 

0.76 

0.S2 

0 52 

0.56 


20 






















































PAGE IS 
^ POOR QUAirry 


TABLE IIB 

SLICING LABOR AND MATERIAL ANALYSIS FOR HULTIWIRE AtTO INNER DIAMETER VfAFERIKG 


Hultiwire Wafer ing 


Inner Diameter Slicini 


Crystal Systems 


Yasunaga yo 


Organization 




6 Blade or wire 
set cost ($) 

7, vehicle or 
coolant con- 
sumption 
(i/loacS) 

S*. Amount of 
abrasive con- 
sumed Ocg/load) 


9 I Power require 

I <>:W'inachine) 
Energy con- 
sumption 
(kWh/load) 


Machine avail- 
ability (%) 

Potential no. 
of runs in a 
year 

(8280 h work 
ear) 


8. Fraction of 
silicon lost 
in grinding 
ingots (^) 

(100 xC0.6/d)) 
19 Silicon in- 
corporated 
into wafer 
(kg/m2-wa£er) 

20. Korf and 

broken wafer 
loss (kg/m 2- 
wafor) 


Fixed Abrasive 
Method 
(Projection) 

(Experimental 
7.6 cm 
diameter 

(Projection) 
10 cm 
diameter 

(Experimental) 
7.6 cm 
diameter 

(Experimental) 
10*16 cm 
diameter 

n.a. 

n.a. 

n.a. 

0 41 

0.23 

n.a. 

n a 

n.a. 

1 015 

0.525 

0,92 

0.33(e) 

1(e) 

0,298 

0.23 






0 83(e) I 1.5(e) 





3 kg 
{"3.25JI) 








143.50 



















10.16 cm 
dieU(l6ter 





























































Expendable tooling and Indirect material requirements, in terms of 
the blade or wire set costs and the quantities of vehicle or coolant and 
abrasive consumed during a,ru_n,aj:e Listed in lines 6-8 of Table II. The 
electrical consumption for a run {Table II, line 10) is considered as an 
indirect material and is obtained by multiplying the slicer's power re- 
quirements by the slicing time segment (Table I, line 20). 

In order to calculate the potential number of loads that can be 
sliced annually, shown in line 12, the machine segment time (Table I, 
line 23) is divided into 8280. This last value, 8280, is taken from 
SAMICS^^^^ and is the number of annual hours the wafer slicing plant 
operates. The plant operation schedule is continuous except for one 
1-week vacation, two 4-day weekends, and one 3-day weekend, and was 
chosen to maximize annual production by minimizing slicer shutdowns 
during a run due to plant closings. 

After dealing with expenses, the sum of the machine and facility 

costs, or the capital cost portion of the manufacturing costs needs to 

be considered. The capital costs are dependent on the factors listed 

on Figure 3. The annual machine cost (Table II, line 14) is the product 

of the initial cost of the slicing machine, including installation, taken 

from the data' sources, and the standardized charge rate of 0.2135 y . 

fl2l 

‘This charge rate was taken from SAMICS' ’ , using a depreciation sched- 
ule of 7 years, a state tax of 2% on one-half the capital, a 4% insurance 
premium, and a 12% interest-on-debt rate on one-twelfth the initial 
capital cost. The low ratio of dept to capital, or the low financial 
leverage, is due to the postulate that the photovoltaic industry would be 
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LABOR AND INDIRECTilAIERrALS 


LABOR TIMES; 

ATTACH SUPPORT BLOCK TO INGOT 
MACHINE LOAD/UNLOAD 
MACHINE MONITORING 
TOOL CHANGE/MACHINE SERVICING 


INDIRECT MATERIAL COSTS: 

SLURRY (COOUNT) TYPE 

UNIT COST 
USAGE 

TOOL (BLADE) TYPE 

COST 

LIFE 

MACHINE REPLACEMENT PARTS 
PURCHASED MACHINE SERVICING 
MISC. (MOUNTING BLOCKS. ADHESIVE) 
ENERGY 


Figure 2 . 
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CAPI T A L COSTS 


MACHINE COST 
(MACHIi€ LIFE) 

ALLOC ATABLE BUILDING AREA 
(SPECIAL SERVICES) 


Figure 3 . 



unable to raise large amounts of debt capital, without large interest rates, 

(121 

because it will be a rapidly evolving industry with appreciable risks' . 

The second capital cost contribution comes from the building. The 

allocatible building area, shown in line 15 of Table II, was taken, accord- 
( 12 ) 

ing to SAMICS , as twice the machine's operating area. The doubling 
accounts for indirect and overhead space needed e.g., for functions such 
as maintenance, administration and receiving/inventorying, as well as for 
aisles, washrooms, etc. The initial building cost (Table II, line 16) is 
taken as $1506. 95/m^, according to SAMICS^^^^ , and is based on the machine 
operating area only. This cost figure includes appropriate cost allocations 
for the additional building space needed as outlined above. - The facilities 
charge rate used to calculate the annual building cost (Table II, line 17), 
from the initial cost, is 0.117 y~\ This value was obtained in the same 
fashion as the equipment charge rate, except that a 40-year life expectancy 
is employed for determining the depreciation rate of the building. Also 

_i 

a 31% surcharge on the annual cost of capital is included, in the 0.117 y 
factor, to account for special services which are the "indirect" utility 
consumption, that is for heating, air-conditioning, lighting, etc. for the 
building. 

To properly calculate the direct material cost, that is the cost of 
the cylindrical slicing ingot, the amount of the silicon crystal lost in 
grinding is necessary. The grinding of the cylindrical ingots to a uni- 
form outside diameter, previous to slicing, facilitates the slicing oper- 
ation, as well as tooling and handling of the sliced wafers in subsequent 
device fabrication procedures. In calculating the mass fraction of sili- 
con lost in grinding, shown in line 18 of Table II, the average diameter 
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loss is assumed to be 0.6 cm. With this diameter loss, a’nd the consequent 
loss of mass, the price per unit mass of silicon entering into the slicing 
o.peration can be determined. Since the grinding diameter loss stays con- 
stant with crystal diameter, the fraction of lost silicon is inversely pro- 
portional to the diameter of the crystal. 

The difference between the add-on processing cost and the work-in- 
process cost is the cost of the direct material contained in the wafers. 

The latter value for a unit area can be obtained by multiplying line 19 of 
Table II by the unit mass silicon cost. To obtain the amount of silicon 
contained in a unit wafer area, the incorporated silicon fraction is di- 
vided by the wafer area per unit mass (Table I, line 18). The incorporated » 
wafer fraction is the product of the yield fraction (taken from Table I, 
line 6) and wafer thickness (Table I, line 4) divided by the sum of the 
wafer and kerf thicknesses. In equation form, the fraction of silicon con- 
tained in the wafer is. 


(1.4 + 1.5) * 1.18 

with the roman numerials representing the table numbers and the arabic 
numbers, the line numbers for that table. The kerf and broken wafer loss, 
necessary for differentiating the operating add-on cost from the specific 
add-on cost, is calculated in a similar fashion to line 19 of Table II, 
except that the kerf loss is represented by the kerf thickness and the 
broken wafer loss by the broken wafer fraction multiplied by the wafer 
thickness. Therefore 



11.20 


(1.5 + (1 - 1.6) * 1.4) 
(1.4 +1.5) * 1.18 



9 
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From the operation data and expenses,^.! isted'' in. the first two tables, 
the add-on components of the slicing manufacturing slicing cost can be 
calculated. For the most part, the add-on cost components, shown in Table 
IILon a per unit area basis, are derived from the data of the proceeding 
tables using the relationships given in that table. The exceptions include 
the unit costs of the indirect materials whif'h were taken from the sources 
footnoted in Table III. In addition, the purchased service cost for multi- 
blade slicing (Table III, line 4), which includes the cost of machine 
maintenance and overhaul performed on the outside or under contract, used 
was $1529.3 and was obtained from Spectrolab^^ ^ . HAMCO^^^ supplied the 
purchased service cost for an inner diameter slicing as $285.7 The 

total material cost which is the sum of the first four lines of Table III 

( 12 ) 

was increased by 5.26%, in accordance to SAMICS charge factors' , to 
account for handling and other miscellaneous expenses. 

The labor costs were calculated using the labor times, listed in 

Table II and the labor rates shown in the Cost Account Catalog of the SAMICS 
( 13 ) 

Support Study' ‘ . For calculating the direct labor costs which involve 
crystal mounting, machine loading and supervision the wages paid an elec- 
tronics semiconductor assembler, whose duties are described under SAMICS' 
occupation classification no. 726884 and viages under catalog no, 830960^^^^ 
were employed. The maintenance labor rate of a maintenance mechanic II 
(occupation classification no. 726884, catalog no. B3736D) was used to find 
the labor cost of internal machine service and cutting tool charges. The 
listed labor rates were multiplied by 1,432 to take into consideration fringe 
benefits, such as vacations, medical health plans, social security benefits, etc, 
and miscellaneous expenses. A surcharge of 25% was added to the direct 
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tXAtX XIIA 


APO-OK COST COHJCUpfTS FOR HULtlglADC 8HCIHC 





Soflctrolab 
(Production Expo 
5 4 eti 

ricnca ) 

7 eei 

OCtI 

(EbrperiBcntal) 
10 16 ca 

(GxperliMnt 
no p-OOS ) 

Varian 

(Projection) 

(900 blade 
projection) 

tr 

(bpertacntal) 
incl Projection) 


Organlaacion 

Rectangular 

DlaiMter 

DlAMter 

DlaMter 

lOcm Diaeeter 

lOcB Diaaeter 

13c« Dlaaeter 

12ca Dleaetes 

3 

Ex pond ibXa 
tooling 

UtA 6 f 3A"16* 
1A 17) 

■ 

19 34 

33 61 

74 31 

33 68 

10 49 

2 04 

1.33 

2 

Hacorlals 


6 95 (a) 

6.95 (a) 

16 35 Cb) 

7.50 (c) 

3 40 (C) 

3.05 (cl 

0 30 (d) 

i. 

electrical 
energy coet 
<30 032 exiA.lO 
* lA 17) 

0 as 

0.43 

0 33 

0.42 

0 67 

0 32 

0.16 

0 U 

4 

RoplaeaMAt 
parte * fwr- 
chated acrvlce 


3 01 

2.37 

2.94 

4.62 

2 90 

0 67 

0 63 

I 

SSS 

35 37 

39 19 

35 23 

98 96 

47.66 

10 01 

7.07 

2 70 

1 

Direct l.at>or 
<$S S6*XXA 4 { 
1A.17) 

10.75 

19.16 

15.14 

4.06 

4 65 

3 31 

2.31 

1 15 

B 

Haintonanca 










labor ($8.12* 
XXA 4 1 1A.17) 

4 71 

6.90 

5 42 

4 50 

3.55 

2 43 

0 56 

0.94 

6 

Other Indirect 







0 46 

0 52 


6 ♦ 7 > 

3 66 

6 S3 

5 14 

2 19 

2 10 

1 44 

9 

Total l.abor 
(6 •» 7 4 8) 

19 32 

32 67 

25 70 

10 73 

10.50 

7 10 

2.33 

2 61 

10 

iquipMnt coat 
(XIA 14 - 1IA.12 







2 71 



* 1A.17) 

4.96 

8 06 

6.37 

7 90 

13.43 

7.80 


11 

racllltlea coet 
(IIA 17 7 XIA 12 
•lA 17) 

1 14 

1.05 

1.46 

1 61 

3 85 

1 79 

0.41 

0 34 

li 

Capital Coat 
(10 * 11 ) 

6.10 

9.93 

7.83 

0.71 

15.36 

9.S» 

4 50 

2.S6 

13 

Overhead 










<G 059 a (10.) 
* 0 loB«Ql )) 

0 43 

0 66 

0 S3 

0 66 

1.04 

0 65 

0 30 

0.17 

la. 

Return on equity 

10 193* (5.) ♦ 

0 193* (9. )♦ 1.32 • 
(10 ) ♦ 4 73* 111.) ) 

21 94 

30.49 

26.37 

39.26 

39.65 

22.62 

7 05 

5.34 

1 

AUd-nn price 
(SI price 
aaaur'fd aero) 
$ e9 412 413. 
414 ) 

03.19 

103.70 

95.53 

159.35 

114.29 

50.10 

21. IS 

13.14 

■ 



Silicon Ingot Price (Unground) 0 3139 

ISAg <1976 aatiinetlon) 



16 

xdd-on coat of 
grinding 

. 

20.97 

13.99 

9.77 

9*96 

9.96 

6,07 

B 07 

17 

Coat of ground 
51 (lAg) 

_ 

160.U 

153.14 

148.92 

149.11 

149.11 

147,23 

147.23 

16 

tiOet SllicoB 

- 

116.09 

111.79 

156.00 

213.31 

78.05 

77.05 

62.68 

19 

Add-on price 

- 

319.99 

307.31 

316.14 

227.50 

136 15 

90.30 

96,02 

30 

Price 

- 

366.50 

349.73 

433.15 

328.60 

229 61 

104.32 

206.93 




Silicon Ingot Price 

(Uncround) 0 S65 90/>q <1902 prnJ^*ctlon) 



” 

Add-on coat of 
grinding <9/hg) 

. 

13.64 

6.13 

5.45 

5.56 

5 56 

4.41 

4.41 

32 

Coat of ground 
si t$/kg) 


76.62 

74.11 

71.49 

71,55 

71,55 

70.39 

70,19 

33 

Leat SI 

- 

97.54 

54.10 

76.43 

53.66 

37.31 

36.61 

39,43 

34 

Add-on prtca 

- 

160 24 

149.43 

335.68 

167.95 

95.31 

57.76 

53.87 

35 

Prlc. ($/«’] 


233.69 

219.00 

290 63 

216.50 

137 17 

96 94 

105 56 




Silicon 

ingot Price (ungreund) # $34 

46/kg <1966 pxojoction) 



26. 

Adit-0n COBt of 
grinding ($/kg) 


6.23 

4.01 

1.00 

3.07 

3,07 

2,34 

2,34 

27 

Coat of ground 
Si («/kg) 


32 69 

29.27 

27.46 

27,53 

37,53 

36.60 

26,60 

28 

toat Silicon 


33.66 

31.3? 

29,38 

20.65 

14,32 

13.94 

15.05 

29 

Add-on Price 


126.56 

116.90 

188,63 

134,94 

72,42 

35.09 

20.39 

30 

rriee 

■ 

197.16 

1 

144.30 

209.03 

153.62 

80,53 

50.77 

48,46 


U) CalcuUtciJ u«lng J7/gillwi for tho Blurry plxtur* «n<3 
Includin'; 40 «^D/luail for the c«raBlc bopa and ban. 


(b) » X Yoo, "Aiaeement of Praient Stata of bha Art Cawing Tachnology<* 

OCLI, DOC/jrb 954dl0*77/12f p 34 (12/771 
(e) 9 C »Qldon and J R Flenlngr “Sltclno of Silicon into Bheat Material* 

VarUn Aanoclatna* EWJA/Jl t» 954374-77/2. p 22 (7/77) 

(d1 Bariai!>l M roa and Paul <1 Rlolm. *Larnn Area Czo<‘}»ral*Vl elllconf* 
Toiae XnatruMcnta. ERPA/'ll ('*954475-76/2 p 17. (9/76) 
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TAblX HID 


AND INNi-R DIAMETER SLICI^^G 


I Ocganization ^ 

tooling (hb.6 t J9.16 

Kaberials 

Rtjplacencnt parts and 
purchased serv'ice 


Total materials 
1.0526*(1 + 2. + 3. +4.)) 


Waforinq 

Crystal Syttcmg Yjaunagn yo~]00 

Fixed Abrasive (Axporimontal} (Pko^ectlon) 
Method 7.6 cm 10 cm 

{projection) diameter diameter 


Jnnci Diameter Slicing 
OCLX I HAhtfiO 

(Bxpcrimental) i (l-xperimental) (Protiuction oxp.) 
7.6 cm I 10 16 cm 10 16 cm 

diameter I diameter diameter 


1.25 
0.30 (a) 
0.11 


33 

32.95 (b) 
0.18 


LTapital Cost (10 + 11.) 

13. Overhead (0.059* (lo*) + 
0,103 *(11.)) 

14 Return on equity 
{0.192* 

6. >40. 192* (9.) + 1*22* 
(10.) + <1.73*(11.)) 


IS. Add-on price [Si price 

assumed zero) (S. +9. +12. 
+13. +W.) 


21. Add on cost of grinding 
(?/)cg) 

22. Cost Of ground Si 
(S/Ag> 

23. iDst Si 

24. Add-On price 

25. Price ($/o2) 


18 25 

4.65 

3.70 

12.45 

41.05 (d) 

2.65 (e) 

2.05 (e) 

1 85 <f) 

0.22 

0,49 

0.33 

0.33 

n.a. 

0 30 (g) 

0 21 (g) 

0.20 (g) 







121-57 

111.62 


Srlrcon Ingot Price (Unground) @ 3139 15/kg (1978 estimation 



Add-on cost of grinding 

(SAg) 

9.94 

13.77 

9.96 

13,77 

9.77 

Cost of ground silicon 
(5Ag) 

149.09 

152.92 

149.11 

152.92 

148.92 

Lost Silicon (S/m2) 

104.66 

71-57 

34.30 

131.09 

122.17 

Add on price ($/m^) 

116,04 

193.14 

145 92 

180.15 

158.46 

Price C5/ni2) 

150.93 

268 45 

215.70 

309.02 

280.48 


Silicon Ingot Price (Unground) $ $65. 98/kg (1982 projection) 



Silicon Ingot Price (Unground) 8 $24.46Ag (1986 projection) 


Add-on cost of 
grinding ($/kg) 

3.06 

4.71 

Cost of growd 
Si ($/kg) 

27.52 

29 17 

ILost Si 

19.32 

13,42 

Add-on Price 

i 30 70 

134,99 

Price 

37,14 

149.16 


(a) F. Schmid and C«P» Khattflck./"(leat £xchangcr*'Ingot Casting/Slicing Process" 

Crystal Systems, 954373-77/3, pp 78-79 (10/77). 

(b) Calculated using 512.10/kg **^'for the abrasive and $1.25/1*°’ for the PC oil 
and assuming the slurry Is used twice. 

(c) LSSA Project Report, "Multiwire slurry Watering Deiaonatrations, " Jet 
Propulsion i:.aboratory, IX)e/jpl-101 2-7817, (2/78), 

(d) Estimated from materials cost of Yasunaga’s 7.6 cm diameter ingot 

(e) K.l. VOO, "Assesment of Present state-of-the-Art Sawing Technology," OCLI. 
DOE/JPL 954830-77/12, p. 38 (12/77) 

(f) Estimated from OCLI 'a material cost data 

(g) Assuming total purchased service is 52,000 for the machine's lifetime. 





7.99 

5 56 

] 

7.99 

5.45 

5,45 

73.97 

71 55 

73.97 

71,43 

71 43 

34.03 

16.46 

62.87 

58.57 

57.99 

155.60 

128-08 

111.93 

94.86 

104.83 

192-03 

161.57 

174 24 

155.03 

188.40 
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labor and maintenance labor costs to account for the cost of supervisory, 
management, ana other support personnel . 

The unit area equipment and facfli'ty costs, which constitute the 
capital cost, were obtained by dividing the respective annual costs by the 
annual area factory output. The overhead, listed in line 13 of Table III, 
is defined as the insurance, state taxes, and interest-on-debt payments on 
the working capital. As suggested by SAMICS^^^^, the working capital was 
taken as 15% of the equipment plus facility cost, or 15% of the capital 
cost. 

The profit and the amortization of one-time costs is represented by 
the return-on-equity (ROE), shown in line 14 of Table III. This value is 
equal to the SAMICS' return-on-equity (EQR), which is 20% of the equity 

n21 

portion of the book value' ’ , plus the amortization of the start-up costs 
(AOC), minus the income tax investment credit (ITC) on 10% of the annual 
equipment depreciation divided by the product of one minus the federal in- 
come tax credit { 1 - t) and one minus the miscellaneous expense fraction, 
(1 - x), or 


EQR + AOC - ITC . 

ROE (III. 14) = — — $/m^. 

(1-x) * (1-t) 

The add-on cost components described above can be used to calculate 
a unit area wafer price that ignores the cost of the silicon ingots. This 
add-on price shown in line 15 of Table III, is the sum of the material, 
labor, capital, overhead and return-on-equity. To convert this value into 
a wafer price, the unit mass cylindrical crystal price, and the add-on 
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grinding cost must be added to it. The unground silicon crystal or ingot 
prices shown for 1978, 1982 and 1986 are taken from our previous evaluations, 
For 1978, the ingoc price is based on pulling 7.8~cm diameter ingots with 
a Leybold-Heraeus single charge puller. The silicon ingot prices employed 
for the years 1982 and 1986 are projections for multi-pulling Cz-grown 
10.2-cm and 15.2-cm diameter ingots, respectively. 

Previous to slicing, the silicon ingots must be ground to a uniform 
diameter and this cost has to be included in the cost of the direct material. 
The add-on cost of grinding, listed in line 16 of Table III, consists of 
two parts: a) the cost of the grinding operation which is projected to be 

$0.20/cm-crystal length, based on industry data^^^, and b) the cost of the 
silicon lost from grinding, which is equal to ' ji ~ sj * ingot 

price ($/kg)), where 11,18 is the percentage of material lost in grinding. 
Summing the add-on grinding cost to the Si ingot price yields the cost of 
ground silicon prices (Table II, lines 17, 22, 27} which are used to cal- 
culate silicon v/afer prices. 

Also of interest in our analysis is the cost of the silicon lost in 
kerf and broken v^afers. These values, shown in line 18, 23, 28 of Table III, 
are the product of the unit area kerf and wafer loss mass (Table II, line 
20} and the ground silicon prices. The add-on wafer prices, shown in lines 
19, 24 and 29 of Table III, are defined, here, as the sum of add-on wafer 
price, assuming a zero silicon price (Table III, line 15}^and the cost of 
the lost silicon. 

. 

To arrive at a unit area wafer price listed in lines 20, 25, and 30 

fir. 

of Table III, the add-on price and the cost of < si U con incorporated in the 
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wafer are summed. The latter value is the cost of the ground silicon 
ingot multiplied by unit area silicon mass contained in the wafers (Table 
II, line 19). 
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c. 


COST STRUCTURES OF THE SLICING PROCESSES 


The more important unit area manufacturinq cost components for 
selected current production or experimental slicing capabilities, using 
1978 silicon prices, and projected future capabilities, using 1982 and 
1986 projected silicon proces are summarized in Table IV. These silicon 
prices apply to single crystal ingots grounded to a uniform diameter. 

Also included in this table are the costs of the lost silicon and that 
contained in the wafer. In Table IV, one can observe the decreases in 
expendible tooling, indirect materials, labor and capital costs that are 
expected for 1982 in ID, multiblade and slurry multiwire slicing. Illus- 
trated in Figure 4 are the more relevant data of Tables III and IV, in a 
bar graph format. In Figure 4, the relative impacts of the material^ labor 
and capital costs can be readily compared to each other for the current 
multiblade and ID slicino processes and for the near future (1982) pro- 
jected multiblade, ID, and slurry multiwire processes. 

As evidenced in Table IV, the indirect material costs (primarily 
slurry) and the costs for expendible tooling (the steel blades or wires) 
are much higher for the slurry sawing processes (multiblade and Yasunaga 
multiwire) than those for the fixed abrasive approaches (ID saw and FAST 
wire saw). This is a consequence of the more effective utilization of the 
abrasive in the fixed abrasive system, coupled with longer tool life. Re- 
ductions of these expendible tooling costs for the multiblade and slurry 
multiwire slicing processes are expected in the future through lower cost 
tool fabrication technioues'^ ’ ' and through improved lifetimes' , The 

lov/er tool cost fabrication techniques are expected to result^ from larger 
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Cost/Price per Unit Wafer Area 


$/m^j 

40oL 


3 OOP 


200h 


lOOh 


0 


Slicing 



Costs 




Legend 
Labor Costs 
Material Costs 
Capital Costs 
Return on Equity 
Cost of Lost SI 
Cost of Si Content 



1978 


Figure 4 


1982 


Costs of silicon wafer production in tne years 1978 and 
1982 by the slicing cost components, including the cost 
of the single crystal silicon content. 
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TABLE IV 


KEY COSTS 


'Uypo 

Source 

\-L-a3 Dia (cm) 
Date. Type 

ID Saw 

Multiblade 



Multiwire 

Cryst. Systems* 
10 X 10 rect. 
projected 
1986 

OCLI 
7.6 
Exper . 
1-978 

STC 

10 

Projected 

1982 

Spectrolab 

7.5 

Product . 

Var 

10 

Exper . 

. 

ian 

12 

Projected 

1982 

Yasu 

7.6 

Exper . 

naga 

10 

Pro j ected 
1982 

Tooling 

4.65 

1.46 • 

— 

23.81 

32.68 

2.04 

33.00 

18.25 

0.33 


Ind. Materials 

2.65 

- 

6.95 

7.50 

3.85 

32.95 

41.05 

0.35 


Dir, Labor ' 

1 3.05 

1.48 

15.14 

4.85 

0.77 

4.72 

3.19 

1.67 


Ma in t . Laboi 

! 2.63 

0.15 

5.42 

3.55 

0.56 

4.14 

1.55 

0.54 


iJquip't Cost 

9.09 

3.66 

6.37 

12.43 

2.71 

8.79 

10.21 

2.55 


Facil. Cost 

1.67 

0.50 

1.46 

2.85 

0.41 

0.9G 

1.12 

0.47 


Add-On Cost 

27.07 

7.25 

69,16 

74.44 

13.43 

91.00 

80.70 

7.61 


Hot. on Equity 

21.99 

7.68 

28.37 

39.85 

6.92 

30.57 

30.92 

6.18 


Lost Si 

131.09 

38.97 

111.79 

113.21 

36.61 

71.57 

16.46 

12.88 


''f'd-On Price 

180.15 


207.32 

227.50 

56.96 

193-14 

128.08 

26.67 


Si Content 

128.87 


142.41 

101.18 

41.18 

75.14 

33.49 

12.88 


Tr ice 

309.02 

91.55 

349.73 

328.68 

I”'"'" 

98.14 

268.14 

161.57 

39.55 

Si ground X-tal 
(5/kg) 

152.92 

71.55 

153.14 

149.11 

70.39 

152.92 

71.55 

27.52 








*Calcu3ated using an effective cutting rate of 0,4 cm/h 






























pcale, automated assembly^^^ and a simplification of the assembly ppocess^^^^. 
Investigations are currently being conducted into possibilities for the 
-s-lurry^costs, for instance by reclyclina the slurry or substituting a 
cheaper vehicle (e.g. mineral oil) for the PC oil. In spite of these 
projected reductions, the indirect material and expendible tooling costs 
for the multiblade and the Yasunaga multiwire techniques remain sizable 
components of the total add-on costs for those processes. In the near- 
term projections, these components are 44% and 73% of the add-on cost for 
the multiblade and slurry multiwire processes, respectively. This compares 
to 20% and 9% of the 1982 projections for the add-on costs in the ID and 
fixed abrasive multiwire saws, respectively. 

The current prices are essentially equal for production wafers cut 
by either the Varian multiblade or the ID sawing processes, although the ID 
saw has twice the productivity (Table I, line 24) and experiences lower 
indirect material and tooling costs. The higher productivity directly 
results in lower labor, capital, and return-on-equity costs, as shown in 
Figure 4. These lower processing costs for the ID slicing are counter- 
balanced, however, by a higher silicon consumption resulting from the 
practice to cut the wafers to greater thickness with higher kerf than 
achieved with the slurry saws. At the current silicon prices, this has 
a considerable cost impact. 

The 1978 wafer prices shov/n here are somewhat lower than the con- 
temporary commerical wafer and the 1978 values of the LSA Interim Price 

(14) 

Allocation Guidelines' This difference results from two facts: a) the 

data of this report do not include the cleaning, etching, or polishing 
process steps usually included in commercially sold wafers; and b) the 
standardized indirect cost model (SAMICS-IPEG) purposely omits several 
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indirect charges on partially processed items such as wafers. Since the 
indirect cost structure models a vertically integrated industry, marketing 
costs for wafers, c-.g. are not incurred. 

3. CONCLUSIONS 

The cost-analysis data, and particularly the projections, which in- 
clude reduced experidible tooling and indirect material cost components, show 
that the dominant influence on the add-on price of sliced wafers is the 
productivity of the slicing machine. The machine productivity (the time 
rate of output unit expressed in wafer area) has a direct Inversely propor- 
tional impact on ti;e capital cost allocation to the wafer area produced of 
the cost components for equipment and facility, and on that part of the labor 
expenditures which are oevoted to machine monitoring and maintenance, as 
shown in Figure 5. Figure 5 shows that the effective linear cutting rate 
(the workpiece diameter divided by the slicing time-segment) is 0.55 +0.3 
cm/h for the multiblade and multiwire processes. The inner diameter diamond- 
coated blade process iias an effective linear cutting rate of approximately 
300 cm/h, a nearly G50 times larger value than that for the other processes. 
To achieve comparable machine productivities, the low linear cutting rates 
have to be compensated by simultaneous multiple slicing. The current efforts 
of Crystal Systems, Solarex, and Varian are therefore directed at increasing 
the number of wafers sliced during a run. Current multiblade packages con- 
tain about 250 blades. Varian has built an experimental slicer incorporating 
a blade pack of over 900 blades. Similarly, the wire package proposed by 

f IP) 

Crystal Systems' ‘ is projected to have 750 cutting wires. Solarex hopes to 
slice^^^^ 333 wafers at a time with the Yasunaga YQ-100 slicing machine. 

The slicing tecliriology improvements projected for the 1982 produc- 
tion lines are based on the results of recent experimental runs and on 
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CUTTING RATES; 


ID SAW -300 cm/h 

All OTHER SAWS '-O.SS ± 0.3 cm/h 

IMPACTS ; 

PRODUCTIVITY 

i 

CAPITAL COST: EQUIPMENT 
FACILITY 
LABOR (?) 

REMEDY: MULTIPLE CUTTING 


Figure 5. 
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developments in progress (Table IV, Fig. 5). For the multiblade saw, 
the primary advancement will be a nearly four-fold productivity increase 
via Varian's development of a machine using a 900-blade-pack. Simul- 
taneously, a 25% blade thickness reduction in combination with a 

37.5% wafer thickness decrease, while maintaining a wafer yield of 95%, 

2 

is projected to result in an area yield of 0.9 m /kg-Si crystal, a 50% 
increase from Spectrolab's mass to area conversion ratio in slicing 
round wafers. 

Slice and kerf thickness reductions to values similar to those 
projected for the multi blade slurry process, are also expected for the 
ID-sawing method. Recently acquired data from STC are reflected in a 
1982 projection for 10-cm diameter crystals using ID slicing with ingot 
rotation, as shown in Table IV and in a UPPC format attached to the appendix. 
The wafers from this process are expected to be 225 pm thick with 210 pm 
kerf. In addition, crystal rotation is expected to double the effective 
cutting rate of the ID process. This essentially doubles the productivity 
of the ID saw, and results in comparable projected productivities for the 
900-blade multiblade and the ID sawing processes. Remaining differences in 
the costs of these two processes are, however, overshadowed by the cost 
of the silicon incorporated into the wafer or lost. At the projected 
1982 price for ground single crystal ingots, the cost of this silicon 
still amounts to nearly 80% of the wafer price. 

One slicing method has been projected to 1986, primarily, because 
only a comparatively small base of experimental data is available, so 
that this method cannot be expected to be in significant commercial 
operation by 1982. This method is Crystal Systems' fixed abrasive 


39 



tnultiwire sawing. The current projections are contained in Table IV, 
while Table IIIB is based on earlier inputs. The difference results 
primarily from a recently communicated reduction in tooling costs based 
on wi rehead fabrication improvements, and from the use in Table IV of 
a more conservative effective cutting rate corresponding to the experi- 
mentally found rates averaged over the life of the bladehead. The pro- 
cess add-on costs are comparable to those of the two previously discussed 
processes. If the silicon price of 1982 would have been used, an approx- 

O 

imately.‘$ll/m- lower wafer price would have resulted in comparison to the 
ID process. While the fixed abrasive multi wire process currently projects 
the .lowest wafer price, it is also the one with the least experience 
data. It is therefore of great importance to gain a significant data 
base through pilot line operation. 

Considering the uncertainties in the projections, the data indi- 
cate no considerable differences in the competitiveness of the three ap- 
proaches, and a reasonable potential for all-three to meet the 1986 
guideline goal . 
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4. NEW TECHNOLGY 

No new technology was developed during this quarter. 
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6 . 


APPENDIX 


The University of Pennsylvania Characterization Formats for 
Production, Experimental and Projected Slicing Processes 
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/procc&s No . 1^1 ^ n~l . r^l 1 I ~ |o 11 


Form 1 


University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Process: Sheet Generation 

Subprocess ; Wafer Generation 

Option: Mounting of crystal ingots on 

ceramic base with wax (Soectrolab^ 


INDEX 






Form 2 


Process No. S.0 


Revision 


^ o £ 1 
Date 3/78 


E 


1 Value Added: 


.$/ 


Process Description: Mounting of two, 7.5 cm diameter, 16 - cm long single crystal, silicon 


ingots on a ceramic base with wax. Material and labor requirements supplied bv Speotrnlah. 


1. Input Specification: 

Name of Item: Single crystal silicon ingots (two); grounded. 

Dimensions: 7.5 cm in diameter » 16.875 cm in length, and 1.744 kg. 

Material: high purity silicon 

Other Specifioations : — 


1.1 Quantity Required: 3,49 kg / load Unit Cost; 153.14 $/ _M 


1,2 Input Value; 

5/ ^ 

1,3 Input Cost: 

534.31 $/ load 


Note to Item 1,3; Use price, if input produced in own plant. 



Process No. d] . QD . lo ll l - io 111 


2.1 Direct Materials; 


2.1_1 Type; Ceramic base 


Revision 


Form 3 

Page _1_ of 1 
Date 3/78 


Specification: 


Quantity Required: 
2 . 1 2 Type: Mounting wax 


_/ ; Unit Cost; 0.60 $/ load ; ' Cost: I iQ.60 $/ load 


specification: Cost is estimated. Can be recycled. 


Quantity Required: 


/_ ; Unit Cost; 0.10 load . cost: 0.10 $/ load 


2 , 1 Type : 


Specification: 


Quantity Required: 


/ ; Unit Cost; 


; Cos t ; 



Process No. E] . |_ 4 j . I'o 1 1 I - I 0 i 1 

2.3 Expendable Tooling: 


2.3_ Type: 


2.3_ Type: 


2-3__ Type: 


2.3_ Type: 


Quantity Required: 


Quantity Required: 


Quantity Required: 


Quantity Required: 


2.4J Type: Electricity (2 kW power rating) 


2.4_ Type: 


_Quantity Required: 0.50 kWh/ 


_Quantity Required: 


Form 5 
Page 1 of 1 


Revision 


Date 3/78 


/ : Unit Cost; 


$/ Cost: 


/ : Unit Cost: 


$/ Cost : 


/ : Unit Cost: 


$/ Cost: 


/ ; Unit Cost; 


$/ Cost. 


2 3 Subtotal Expendable Tooling: 


: Unit Cost; 


kWh Cost: 0.02 $/ load 


; Unit Cost: 


$/ Cost: 


2.4 Subtotal Energy Costs: 





Process No. 

[Ti.m.0 

□-H 

ITl 




Form 6 
Page 1 

of 1 







Revision 

Date 

3/78 

3.1 Direct 

Labor : 








3.11 

Semiconductor assembler 

Activity: Workpiece mountina 




(SAMICS B3096D) 

h / 1 Ofld 

; Rate: $ 3.894 

yh; Load 36.0 

%; Cost: 

1.34 

$/ load 

3.1_ 

Amount n.fci 4 UXJ.eu 



Activity: 







h/ 

; Rate: $ 

/h; Load 

%; Cost: 


$/ 

3-l_ 

Amount Requirea._ 
P a t* o onrv • 



Activity: 





Aimnitnr Rprimrad: 


hi 

; Rate: $ 

/h: Load 

%; Cost: 


$/ 





« 

3.1 Direct Labor 

Subtotal ; 


$/ 

3.2 Indirect Labor: Taken as 25% 

Of direct 

labor 



3.2_ 




Activity: 





L*o A y • 

Amount Required: 


hi 

; Rate: $ 

/h; Load 

°A; Cost: 


$/ 

3.2_ 



Activity; 





Li«i LfciKOl y • 

Amount Required; 


hi 

; Rate: $ 

/h; Load 

%; Cost; 


$/ 

3.2_ 



Activity: 





L V » 

Amount Required: 


hi 

; Rate: $ 

/h: Load 

%; Cost: 


$/ 





3.2 Indirect Labor Subtotal: 

0.33 

$/ load 


3.3 Subtotal 3.1 

3.4 Overhead on 

and 3 . 2 
Labor: 5.26 % 

1.67 

0.05_ 

$/ load 
load _ 


3.5 Subtotal Labor 1-76 load 



ORIGINAL PAGE SS 
OF POOP 0« !Ai 'TV 


Process No 


■czj.cTi.m-c 


0 


1 


Form 7 

Page 1 of 1 
Revision Date 3/78 


4.1 Equipment 

4.1_1 Type; Hot plate (25 x 40 cm) with bench. 

Cost; 2,000 $; Installation Cost:_ 


$; Throughput; 2 loads 


4.1 


4.1 


Plant Oper'g Time_^ 


8280 


h/y; Machine Avail 'ty; 99 %; Machine Oper'g Time_ 
h/y at $/h;Parts or Outside Service; 


Servicing Costs; Labor 

Useful Life; y; Charge Rate. % of Cost/y; Capital Cost: 430 


Type;_ 
Cost : 


$; Installation Cost:_ 


$, Throughput 


Plant Oper’g Time_ 


h/y; Machine Avail' ty:_ 


%; Machine Oper'g Tiine_ 


Servicing Costs: Labor h/y atj $/h;Parts or Outside Service 

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: 


Type:_ 
Cost : 


$; Installation Cost;_ 


$; Throughput; 


Plant Oper'g Time_ 


%; Machine Oper'g Time_ 


Servicing Costs* Labor 
Useful Life; 


_h/y; Machine Avail 'ty; 

h/y at $/h; Parts or Outside Service 


y; Charge Rate:_ 


_% of Cost/y; Capital Cost:_ 


$/y 


/h; 


_$/y 


/h; 


/h; 

8200 h/y 


$/y 


h/y 


$/y 


h/y 


$/y 


J/y 


4.1 Subtotal Equipment Cost: 


0.03 $/ load 


$/ 


$/ 


0.03 $/’ load 



Process No. 


2 . LiJ . loll! oil 


4.2 Facilities; 


Type; Bench area 


Charge Rate; 179. 13* 


Heating 
Axr Cond*g 
Lighting 


4-2_ Type: 

Charge Rate: 


Energy Use; 

/y at 

ly at 

/y at 


Heating 
Air Cond’g 
Lighting 


Energy Use : 
/y at _ 

ty at _ 

/y at 


4 . 2_ Type : 

Charge Rate: 


Heating 
Air Cond’g 
Lighting 


Energy Use; 
/y at _ 

/y at __ 

/y at 


Revision 


Floor Area: 2.0 


m ; Throughput ; 16 >400 


loads h 


I 

Labor; 

$/ I 

I 

I 


Maintenance Costs: 


_h/y at 


Supplies: 


Outside Services: 


Total Cost: 


Floor Area; 


S/(ra -y); 


m ; Throughput: 

Maintenance Costs; 


Labor : 


_h/y at 


Supplies: 


I 


Floor Area: 


Outside Services; 


Total Cost: 


m ; Throughput : 


}lim -y) ; I 


Maintenance Costs; 


Labor; 


_h/y at 


Supplies: 


Outside Services; 


Total Cost; 


Form 8 

Page _1 of 
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0.02 $/load 


*INCLUD£S ENERGY USE 



Form 12 
Pag e 1 o f 1 


Process No. 


. 3 . Lo,l il -UiL 


Revision 


Date 


3/78 


7. Process Cost Computation 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 


7.22 




% of 7.11 


7.21 Total Operating Add-on Costs ot Process; 

% of 7.21 


7,22 G & A 


2.56 $/ load 


0.00 $/ load 


2.56 $/ load 

$/ 




7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 


7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 


2.56 $/ load 
$/ 

W S3P 

2.56 $/ load 


7.36 Loading on Item 7.35 at Rate 


7 

fO 


1 534.31 $/ load 

$/ 


7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


3.49 

kg 

/ load 



100 : 


/ 


3.49 

kg 

/ load 


536.87 $/ load 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 T 7,44) 

7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 ^ 7.44) 


153.84 $/ kg 


0.74 $/ ^ 




Process No. 



8. Price Computation 
8.1 Alternate 1 


8.11 Profit at Expected Rate of 20 % ; 0.15 $ / 

(Profit before income taxes; applied to 7.52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work-in-Process (7.51 + 8.11) 


Form 13-1 
Page 1 of 1_ 

Revision Date 3/78 


0.89 $/ ^ 

153.99 $/ kg 




Process No, 




0 I 1 



Revision 


Form 13-2 
Page 1 o f 1 

Date 3/78 


8,2 Alternate 2 (SAMICS Methodology): 

8.21 Profit Computation: 

0.9274* 0,026 $ / load from Subtotal 4.1 = 0,024 $/ load 

1,946* 0.022 $/ load from Subtotal 4.2 = 0.043 $/ load 

Subtotal = 0.067 $/ load 

8.22 Costs of Amortization of the One-Time Cost: 


0.192* 

0.75 


load 

from 

Sub to tal 

2.7 = 

0,145 


load 

0.192* 

1.76 


load 

from 

Subto tal 

3.5 = 

0.338 



$/ 

load 

0.2958*_ 

0.026 


load 

from 

Subtotal 

4.1 = 

0,008 

$/ 

load 

2.77* 

0.022 


load 

from 

Subtotal 

4.2 = 

0.061 

$/ 

load 





• 

Subtotal 


0.551 

$/ 

load 


8.23 Total Net Cost of Equity (8.21 + 8,22): 

8.24 Profit and Amortization of Start-up Costs per Unit of Good Output 
Work-in-Process : 

(Divide Subtotal 8.23 by 3.49 kg / load from 7.44) 


$/ 


8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


154.02 


</> <r> 


Process No 


• di.m.c 



/ 

0. Output Specification: 


Form 15 
Page _1 of 1 

Revision Date 3/79 


Name of item: Mounted Silicon ingots. 

Dimensions : 15.2 - ciD in diameter. 7.62 ~ cm high and 16.875 - cm long 

Material: Silicon on ceramic mounting block 

Other Specifications: The capital cost for mounting an ingot for MBS is proportional to il * r Therefore 

the umt mass capital cost for mounting is inversely proportional to r. Since the capital cost is a small _ 

part of the total cost, the mounting cost is essentially independent of ingot size. For MBS, the mounting 
cost is $3. 18/load. 




Process No. m.m.cin 


Form 1 


University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Process: Sheet Generation 

Subprocess ; Wafer Generation 

Option: Mounting of ingot on graphite block 


with epoxy for use on ID-blade machines. 

Data supplied by OCLI. 

INDEX 












1.1 Quantity Required: 4.74 kg / load 


Unit Cost; 71.43 $/ 


1.2 Input Value: 

1.3 Input Cost! 


338.58 $/ load 


Note to Item 1,3: Use price, if input produced in own plant. 





Quantity Required: / ; Unit Cost: $/ ; Cost; $/ 

2 . 1 Type : ? 






Process No. E.I 4 J.EE 




2.3 Expendable Tooling; 


2,3 _ Type! 


Quantity Required: 


2,3_ Type: 


Quantity Required; 


2.3„ Type: 


Quantity Required: 


2.3_ Type: 


Quantity Required: 


2.4 Energy 

2 . 4 J Type: Pov/er rating of plate is estimated in 

Quantity Required: Q.P3 kWh / _ 

2.4 _ Type: . 


Quantity Required: 


Form 5 


Page 1__ of J_ 
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/ : Unit Cost: $/ Cost: 

$/ 

/ : Unit Cost: $/ Cost: 

$/ 

/ : Unit Cost: ?/ Cost; 

?/ 

/ : Unit Cost: $/ Cost: 

$/ 

" ■■ ■ - - -- 


■ 

2 3 Subtotal Expandable Tooling; 

$/ 


he ? kW 


: Unit Cost: 0.0319 $/kWh Cost: 

0.007 $/ load 

; Unit Cost; $/ Cost; 

$/ 

2.4 Subtotal Energy Costs; 

0.007 $/ load... 

2.5 Subtotal 2,1 to 2,4: 

1,37 $/ load 

2.6 Handling Charge: % of item 2.5 

iQ^llllinQSul 

r ■ . — . - - . 

— — 


2.7 Subtotal Materials and Supplies: 
(2.5 + 2.6) 





- CZI.Q.C3D-0D 


3.1 Direct Labor: 

3.1 1 datesorv: Semiconductor Assembler 

- ^ (sAMics mm ) 

Amount Reoulred: 0.23 h / load 

3.1_ Category: 

Amount Required: h/ 

3.1_ Category; 

Amount Required: _b/ 

3.2 Indirect Labor: Taken as 25% of direct 

3 . 2_ Category : 

Amount Required: ,h/ 

3.2_ Category; 

Amount Required: b/ 

3.2_ Category 

Amount Required: b / 


Rate; 


Activity :_ 


; Rate: $_ 


Activity :_ 


; Rate: $_ 


Activity :_ 


; Rate: $_ 


Activity 


; Rate: $_ 


Activity 


Rate: $_ 


Revision 


Activity ; Ingot mounting 


/h; Load_ 


/h; Load_ 


;; Cost; 


%; Cost: 


%; Cost; 


3.1 Direct Labor Subtotal; 


/h; Load_ 


/h; Load_ 


/b; Load 


%; Cost: 


%; Cost: 


%; Cost: 


3.2 Indirect Labor Subtotal: 

3.3 Subtotal 3.1 and 3.2 

3.4 Overhead on Labor; 5.26 


Form 6 

Page _1 of _]_ 

Date 3/78 


1.22 $/ load 


1.22 $/ load 


0.30 $/ load 

1.52 $/ load 


3.5 Subtotal Labor 


1.60 $/ load 


Process No. u} .m .mn-nn} 

4.1 Equipment 

4.1J Type: Hot plate (20 x 20 with work. benciL 


Form 7 

Page _J of 1 

Revision Date 3/78 


Cost : ^ jOOO 


$; Installation Cost: 

Plant Oper’g Time 8280 h/y; Machine Avail' tv ; 95 %; Machine Oper'g Time 

Servicing Costs; Labor h/y at $/h;Parts or Outside Service; 


$; Throughput: 2 loads /h; 

7866 h/y 


Useful Life: 


_y; Charge Rate; 21 .35 % of Cost/y; Capital Cost: 


213.50 


4.1 


Type:. 

Cost : 


$; Installation Cost:_ 


$; Throughput :_ 


Plant Oper'g Time_ 


Servicing Costs: Labor 
Useful Life: 


_h/y; Machine Avail 'ty 
h/y at 


%; Machine Oper'g Tirae_ 


$/h;Parts or Outside Service:^ 


y; Charge Rate: 


% of Cost/y; Capital Cost:_ 


4.1 


Type ;_ 
Cost : 


$; Installation Cost;_ 


$; Throughput :_ 


Plant Oper ' g Time_ 


_h/y; Machine Avail 'ty: 
h/y at 


%; Machine Oper'g Time_ 


$/h;Parts or Outside Service:_ 


Servicing Costs: Labor 

Useful Life; y ; Charge Rate: of Cost/y; Capital Cost: 


$/y 


_$/y 


/h; 


h/y 


$/y 


J/y 


/h; 


_h/y 


$/y 


$/y 


4.1 Subtotal Equipment Cost: 


0.01 $/ load 


$/ 


$/ 


0.01 $/ load 



Process 


NO. lEl.Q.S 


0 3 


4.2 Facilities: 

4.2J. Type: Bench area 


Floor Area: 


1 


m ; Throughput ; 15,732 


Revision 
loads /y 


Charge Rate: 


Heating 
Air Cond 'g 
Lighting 


4.2_ Type: 


Charge Rate: 


Heating 
Air Cond’g 
Lighting 


4 . 2_ Type: 


Charge Rate:_ 

Heating 

Air Cond'g 

Lighting 


179.13* 


_$/(ra^*y); F 


Energy Use: 
/y at _ 

It at _ 

/y at 


$/ 


Maintenance Costs: 

* ^ Labor: h/y at 

_i 
1 


Supplies : 

Outside Services: 


_$/h 

_$/y 

?/y 


Total Cost: 


179 


Floor Area: 


m ; Throughput: 


Hi 

h 


.S/(m -y): 


Energy Use: 
/y at 


$/ 


_/y at 
_/y at 


$/ 


Maintenance Costs: 

j Labor: ^h/y at _ 

^ Supplies: _ 

^ Outside Services: _ 

I Total Cost: 


_$/h 

_$/y 

$/y 


$/y 


Floor ^rea: 


m ; Throughput: 


_/y 


Energy Use: 
/y at 


^ 5 / (m -y); ^ 

I 


_/y at 
_/y at 


$/ 


Maintenance Costs: 

Labor: ^h/y at 

Supplies: 


I 

I Outside Services: _ 


_$/h 

_$/y 

$/y 


Total Cost: 


$/y 


* Includes energy use 


4.2 Subtotal Facilities: 


4,3 Equipment and Facilities Subtotal : 


Form 8 

Page _] of _1_ 

Date 3/78 


0.01 


$/ load 


$/ 


$/ 


0.01 


0.02 


$/ load 
loa^^ 



Process No 


T\ 0 |~o| l| — [03* 


12 

1 of 1 


Revision 


Date 


7, Process Cost Computation 


7.11 Manufacturing Add-On Costs (sum of 2,7, 3.5, 4.3, 6.) 


7.22 Other Indirect Costs; 
fn.nCiQ*A 1+0 10R*4 


% of 7.11 


7.21 Total Operating Add-on Costs of Process; 


7.22 G & A 


% of 7.21 


7.31 Total Gross Add-On Cost of Process 


7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate % 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.4-2) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


4.74 kg / load 
100 % 


4.74 kg / load 


7,51 Cost of Unit of Good Output Work-in- 
Process (7.37 -r 7.44) 



7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 r 7.44) 


0.65 kg 





8. Price Computation 
8.1 Mtorndte 1 


8.11 Profit at Expected Rate of __20_%: 0.13 $/ 

(Profit before income taxes; applied to 7.52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work-in-Process (7.51 + 8.11) 


Form 13-1 
Page 1 of _1 


Revision 



75T 




Process No, |2 



.□,□ 3-011 


8.2 Alternate 2 (SAMICS Methodology): 

8,21 Profit Computation: 


Subtotal = 

8.22 Costs of Amortization of the One-Time Cost: 

0.192* 1.44 $ / ^ from Subtotal 2.7 = 

0.192 * 1»60 $/ load from Subtotal 3.5 = _ 

0.2958* $/ load from Subtotal 4.1 = _ 

2,71* $/ load from Subtotal 4.2 = 

Subtotal = 

8.23 Total Net Cost of Equity (8.21 + 8.22): 

8.24 Profit and Amortization of Start-up Costs per Unit of 
Work-in-Process : 

(Divide Subtotal 8,23 by 4.74 kg / load 


Revision 


0»01 $/ load 

0.02 $/ load 

0.03 $/ load 

0.2 8 $/ load 

0.31 $/ load 

0.00 $/ 

0.03 $ / load 

0.62 $/ load 

Good Output 
_from 7,44) 

0.14 $/ kc 


Form 13-2 
Page j ^of 
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8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8,24) 


72.22 


$/ kg 
$/ kg 


ORIGINAL PAGE 5' 



Form 14 
Page J of 


Revision Date 3/78 



Process No . 


GD.DI 



0. Output Specif icatioTj; 

Name gf item; Mounted Silicon ingot 

Dimensions: lOtlS^crn tn Q19IH6t6r> 25~cm Tfl IsriQtn 

Material; Silicon With graphite base 


Form 15 
Page ] of 1 

Revision Date 3/78 


Other Specifications: The Capital Cost of mounting an ingot for ID-slicina is proportioned to therpfnrp 

this unit mass cost for mounting is Inversely proportioned to the length of the crystal. Since the capital cost 
is small compared to material and labor costs, the absolute tnounting cost is essentially independent of crystal 


size. For ID-slicing, it is p. 71 /load. 




Process No. 


Form 1 


I — t — I . L_3: f . I I I I m I ; 

University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Process: Sheet generation 

Subprocess : Ingot slicing 

Option: Multi blade slurry slicing of 

5,4-cm diameter ingots (Spectrolab) 


INDEX 












Form 2 


Process No 


• IT] » li_ 


Revision 


0 2 




1 Value Added: 


Process Description; 


Multiblade slurry slicing. 


Data listed in this format were derived from Spectrolab's production line expenence 

in slicing 5.4-cm diameter ingots. Three ingots are sliced per load with a 250 blade-pack. 


Page 1 o f 1 
Date 3/78 


.$/ 


1. Input Specification: 


Name of Item; 

Prepared machine load from 2.4-01-01 

Dimensions ; 

Each ingot is 5.4-cm in diameter and 16.875-cm Iona. Three moots ner. load. — 

Material: 

Silicon (high purity) 

other Rnecifications : See 2.4-02-01 , three inqots are mounted on a ceramir. block. 


Mass of ingot is 0.903 kg 

Mass of load is 2.71 kg 


1.1 Quantity Required; 2.71 ka / load Cost; 161 »30 $/ kg 


1,2 Input Value; 

$/ 

1,3 Input Cost! 

437.11 $/ load 


Note to Item 1,3; Use price, if input produced in own plant. 



Process No. , jJJ , j Q | 2 i ~ | 0 M 

2.2 Indirect Materials (incl. supplies and non-energy utilities): 

2 . 2 J Type ; Abrasive slurry 

Specification: Oil with 600 grit SiC abrasive 


Revision 


is 0.24 kq/^ 5 slurry cost given by' Spectrolab. 


OuartiLv Required: 


.7..-6.. / loac l Unit Cost: 1.85 $/ i ; Cost: 


2.2_ Type: 


Specification; 


Qu anti tv P.equired: 


/ ; Unit Cost; 


; Cost: 


2.2_ Type: 


Specification: 


Form 4 

Page 1 of j 
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Quantity Required: 


J_ ; Unit Cost: 


; Cost: 


2.2 Subtotal Indirect Materials; 14.06 $/ load 






Process No. | Z j , | 4 j , j 0 |2 
2.3 Expendable Tooling: 


-!o ii 


Form 5 

Page J of ] 

2.3 i Type: 250 blade drill-pin pack, consisting of 0.2 mm thick 1095 steel blades. ^^evision Date_3/ 7 8 


Quantity Required: 0»5 Pack /load ; Unrt Cost: 50 $/ Pack Cost; 


2,3_ Type; 


Quantity Required: 


/ : Unit Cost; 


$/ Cost: 


2.3_ Type; 


Quantity Required; 


/ : Unit Cost: 


$/ Cost: 


2*3_ Type; 


Quantity Required: 


Unit Cost: 


$/ Cost; 


2,3 Subtotal Expendable Tooling; 


25 $/ load 


J/. 


J/. 


J/ 


25 $/1oad 


2.4 Energy 

2.41 Type: Electrical, IkW main and auxiliary motors 

Quantity Required: 22 kWh/ load 


Unit Cost: n.0:^Tq $/ kWh Cost; 


2.4 Type; 


_Quantity Required: 


: Unit Cost: 




Cost; 


2.4 Subtotal Energy Costs: 


2.5 Subtotal 2.1 to 2.4, 

2.6 Handling Charge: 5.26 % of item 2.5 


2.7 Subtotal Materials and Supplies: 
(2.5 + 2.6) 


JL.ZQ $/ .l o a d - 


.$/ 




39.78 $/ load 

2.09 3/ Tnari 


‘87 $/ load 





MwaiaM mmmtaaoeimmMA mmbcmmimmm 

Process No. Ej . Q. iOD -QIll ■ ^08^ i_ of 

Revisio n D at e 3/78 

3.1 Direct Labor: 


3.1 1 

Category: ^SeimcnnHiirtnr Asspmhlev> 

Activity: 

mount! na/demounti na 





(SAMICS 83096D) 

Amount Required: 0.25 h/ load 

: Rate: $ 3.Rq 

/b; Load 36.0 

_%; Cost: 

1 .32 

$/ Iriad 

3.1 2 

Category: Semiconductor Assembler 

Activity: 

machine supervision 





(SAMICS 83096D) 

Amount Required: 5.1 b/ load 

: Rate: $ 3.89 

/b; Load q£n 

%; Cost: 

27.06 

Toad 

3.1 3 

Category: Maintenance Mechanic II 

Activity: 

blade head chanaina/ad.iustina 




(SAMICS 83736D) 

Amount Required: 1,4 b/ load 

; Rate: $ q A7 

/h; Load qq n 

%; Cost: 

10.80 .. 

load 




3.1 Direct Labor 

Subtotal 

39.18 

$/.lDJLd 


3.2 Indirect Labor; Taken as 25% Of direct 


3.2 

Category: 


Activity; 






Amount Required : 

b/ 

; Rate: $ 

/h; Load 

%; Cost: 


$/ 

3.2 

Category : 


Activity; 






Amount Required: 

b/ 

; Rate; $ 

/h; Load 

%; Cost: 


$/ 

3.2 

Category: 


Activity : 






Amount Required; 

b/ 

; Rate: $ 

/h:- Load 

%i Cost: 


$/ 





3.2 Indirect 

Labor Subtotal: 

9.80 

$/ load 





3.3 Subtotal 

3.1 and 3.2 

48.98 

$/_laad 





3.4 Overhead 

on Labor: 5.26 % 

2.57 

$/ load 





3.5 Subtotal 

Labor 

51.55 

$/ load 


Process No 


•S.ED.E 


4.1 Equipment 



Form 7 
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4.1_1 Type: Multi b.lade slicing machine 

cost: 20,000 $; Installation Cost: $; Throughput: 327 loads / )b;v 

Plant Oper'g Tim e 8280 h /y; Machine Avail' ty: 90 % ; Machine Oper'g Time 7452 h /y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: 1592 $/y 

Useful Life: 7 y ; Charge Rate; 21.35 % of Cost/y; Capital Cost: 4270 $/y 


17.92 $/ load 


4,1_ Type: — 

Cost: $; Installation Cost: $; Throughput; * /h; 

Plant Oper'g Time ^h/y; Machine Avail 'ty: Z; Machine Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: ^y; Charge Rate:j % of Cost/y; Capital Cost: $/y 


4.1_ Type; , — 

Cost: $; Installation Cost: $; Throughput;_ /h; 

Plant Oper'g Time h/y; Machine Avail 'ty: Machine Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: ^y; Charge Rate: 7o of Cost/y; Capital Cost: $/y 


$/ 


$/ 


4.1 Subtotal Equipment Cost: 


17.92 $/1oad 



Process No. 


jJ . IjJ . lo k o| 1 


4.2 Facilities: 

4.zl Type; Slicing machine area 


Revision 


Charge Rate: 


Heating 


Air Cond'g 
Lighting 


4 . 2_ Type: 

Charge Rate: 


Heating 
Air Cond’g 


Lighting 


4.2_Type; 

Charge Rate: 


Heating 
Air Cond’g 
Lighting 


179.13* 

Energy Use: 
/y at _ 

/y at 

/y at 


Floor Area; 

$/(m^*y3: r*' 


Energy Use: 

/v at 

/y at 

/y at 


I Labor : 

I 


Floor Area* 

.$/(ni^*y); ^ 

. Labor ; 

$/ 1 


2 

j m ; Throughput; 327 loads /y 

Maintenance Costs: 

^h/y at $/h 

Supplies: $/y 

Outside Services; $/v 


Total Cost; 1QQ3.13 

2 

m ; Throughput . 

Maintenance Costs: 


h/y at 


Supplies : 


I 


Outside Services: 


Energy Use: 
/y at 

/y at 

/y at 


Floor Area: 
_$/ (m* *y) ; . 

» W *Hi| 


Total Cost: 

2 

jn ; Throughput: 


Maintenance Costs; 


Labor : 


h/y at 


Supplies: 


Outside Services; _ 
Total Cost; 


Form 8 

Page _] of 

Date 


3.07 ?/ load 


^Includes energy use 


4.2 Subtotal Facilities: 


4.3 Equipment and Facilities Subtotal : 



20.49 $/ load 


Proc«s »o. ill , E , IHO- HD 

5. Salvaged Material {Work-in-process) 

5,1 Quantity of Work-in-Process 1. contained in Good Output 
Work-m-Process {per Computation Unit) 

5.21 Input Work-in-process 1. Mojt Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

5.22 Net Amount of 5.21 which is sold for Credit As-Is or 
After Applying Re-Process 

5-23 Credit for 5.22 at the Market Value of $/ ; 

5.24 Cost of Reprocessing Material of 5.22 

at the Average Reprocessing Cost of 

5.25 Net credit for 5.22 (5.23 minus 5.24): 

5.26 Material of Type 1. Lost in Process (5,21 minus 5.22} 


Revision 


Form 9-1 
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Lq / load 
kg / load 


k a/ -loa^ 





8. Prico Computation 
8.1 Altorn-ite 1 


8.11 Profit at Expected Rate of 20 % ; 37.70 $/ 

(Profit before income taxes; applied to 7.52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work-in-Process (7.51 + 8.11) 



Form 13-1 
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227.20 s/ 
376.61 $/ 




Process No 


4J 10 12 


Revision 


8.2 Alternate 2 (SAMICS Methodology): 
8.21 Profit Computation: 


Subtotal 

8,23- Total Net Cost of Equity (8'.2i + 8.22): 

8.24 Profit and Amortization of Start-up Costs per 
Work-in-Process: o 

(Divide Subtotal 8.23 by 1 «63 


31.73 $/ load 


Unit of Good Output 
/ load from 7.44) 

33.31 $/ 


Form 13-2 
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0.9274*_ 

17.90 

J/ 

load 

from 

Sub total 

4.1 = 

16.60 

$/ 

load 


1.946* _ 

3.07 


load 

from 

Sub total 

4.2 = 

5.97 


load 

— 





4 

Subtotal 

= 

22.57 

_$/_ 

load 


Costs of 

Amortization of the 

One-Time Cost: 






0.192* 

41.87 

$/ 

load 

from 

Subtotal 

2.7 = 

3.04 

$/ 

load 


0.192* 

51.55 

}! 

load 

from 

Subtotal 

3.5 = 

9.90 

$/ 

load 


0.2958*_ 

17.90 

J/ 

load 

from 

Sub to tal 

4.1 = 

5.29 

$/ 

load 


2.77* 

3.07 

JL 

load 

from 

Sub do tal 

4.2 = 

8.50 

$/ 

load 



221.81 

372.22 


8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 8.24) 


</> <r> 


Process No, 


O.ED.EHI- 



9, Process Economic Evaluation: 

9.1 Process Cost Balance (7.52 - 0.1) 

9.2 Relative Process Performance ( 9 .I ■ 

9.3 Output Cost (7.51) 

9.4 Output Value (0,2 + 0.1) 

«• 

9.5 Relative Excess Cost i.f9.3 - 


Revision 
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Process No. 


mm 



0. Output Specification: 

Name of item: Silicon wafer, as>-cut 

Dimensions: 5.4-cm in diameter, 0.4 mm thick 

Material: 


Form 15 
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Other Specifications: Depth of subsurface damage is 75 ym 




Process No. ITI.ni. rn^T? K in [_L 


Form jt 


University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Process: Sheet Gpriaratinn 

Subprocess : Ingot Slicing . 

Option: Multi blade S lurry slicing of 7.5-cm diamet er 

ingots (Spectrolab) 


INDEX 










Form 2 


Process No. 


EH » Q ► 


o 

L. 


Oil 



Page 1 of 1 

Revision 

Date 3/78 

0.1 Value Added: 

$/ 


Process Description: Multi blade slurrv slicing 

Data listed here were obtained from Spectrolab's production experience, 

Blade head has 250 blades and two ingots are sliced per 1oad> 


1 . 


Input Specification; 

I 

Name of Item: Prepared machine l o ad from 2,4. . 01 

Dimensions: 7.F cm diameter 17 cm .lQDj;L.. 3 .57 kg/load — 

Material: High purity silicon 

Other Specifications; Two single crysta l^ silicon ingots 


mounted on a ceramic block. 


see 2.4 .01 - 01 



1.1 Quantity Required: 3.49 kg / load Unit Cost: 154,04__ $/ Jli 


1.2 Input Value: 

$/ 

1,3 Input Cost: 

537.57 $/load 


Note to Item 1,3: Use price, if input produced in own plant. 





Process No. 0.0. SE I -*loIl 


2.3 Expendable Tooling: 


2.3 A 

Type: 

250 blade 

drill pin 

pack 

consistina of 0.2 mm thick 1095, 

-S-tael 

blades. 



Quantity 

Required : 

1 

pack / load: 

Unit Cost: 

50 

$/ pack 

2.3 

Type: 










Quantity 

Required: 


/ : 

Unit Cost; 


$/ 

2.3 

Type; 










Quantity 

Required : 


/ : 

Unit Cost: 


$/ 

2.3 

Type: 









Forrr 5 
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50 $/1oad 


Quantity Required: 


/ Unit Cost: $/ Cost: 


2 3 Subtotal Expendable Tooling: 






$/ 


5.Q01Q $/load- 


2.4 Energy 


2.4 1 Type: Electrical, 1 kW main and auxiliary motors 

Quantity Required: 22 kWh/load ; Unit Gost:0.0319 s'/kwh Cost: 

0.70 $/load 

2.4 Type: 

Quantity Required: 2 Unit Cost: $/ Cost: 

$/ . 


2.4 Subtotal Energy Costs: 

0.70 $/load... 


2.5 Subtotal 2.1 to 2.4: 

2.6 Handling Charge; 5.26 % of item 2.5 

64.76 $/lnad 
3,41 $/load. 


2.7 Subtotal Materials and Supplies; 
(2.5 + 2,6) 

68.17 $/ load 







Process No 


. m.Q.caii-ciii 


Revision 
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3.1 Direct Labor: 

3.1J. Category: Semiconductor Assembler 
(SAMICS B3096D) 

Amount Required; 0.25 h/inaH 


Activity: Loading/unloadinq 

Rate: $ 3.90 /b; Load 36.0 % ; Cost: 

3 1 Category: Semiconductor Assembler Activity; machine supervision 

(SAMICS m%Q) 

Amount Required; 5.2 h / load ; l^ate: $ 3.90 /b; Load 30. Q %\ Cost: 

3.1 Category; Maintenance Mechanic II Activity; hlarie h ead chanq inq/ad . ii i sti . n fl- 

(SAMICS B3736D) 

Amount Required; 1.4 b/ load 5 Rate: $ 5.67 /b; Load — 36.0 Cost. 


3.1 Direct Labor Subtotal; 


3,2 Indirect Labor; 25% Of direct 


Activity:^ 


1.32 


27.59 


10.80 


39.71 


Amount Required; 

h/ 

i ; Rate: $ 

/h; Load 

%; Cost: 

3 , ? Categorv : 


Activity: 



Amount Required; 

b/ 

; Rate: $ 

/h; Load 

%; Cost; 

3 . 9 Catpporv : 


Activity; 



Amount Required; 

hi 

■ ; Rate: $ 

/h: Load 

%; Cost; 


3.2 Indirect Labor Subtotal: 


-$/ lo ad- 


$/ load 


$/ load 


$/ load 


$/ 


$/ 


$/ 


9.93 $/lnarl 


3.3 Subtotal 3.1 and 3.2 

3.4 Overhead on Labor ; 5 . 26 % 


49.64 


2.61 


3.5 Subtotal Labor 


52.25 


$/ lQ-ad. 

$/ load 


■$/lQ,ad. 


Form 7 


Process No 

•CD.EI.Ii: 

0 

-f0T 






Page 

_ of J_ 








Revision 

Date 

0ZZ8 

4.1 Equipment 










4.1 1 

Type: Multi blade 

slicina machine 









Cost: PD.nnn 


$; Installation Cost: 


$; 

Throughput: 320 loads 

Jr> 





Plant Oper'g Time 

8280 h/y; Machine 

Avail’ ty: 90 

Machine Oper'g Time 7452 


_h/y 




Servicing Costs: 

Labor h/y at 


$/h;Parts or 

Outside Service:1592. 30 

_$/y 





Useful Life: 

7 

V. Charee Rate: 21.35 

% of Cost/y; 

Capital Cost. 4270 


_$/y 

18.31 

$/load 

4.1 

Type : 











Cost : 


$, Installation Cost: 


$; 

Throughput : 

_/h, 





Plant Oper'g Time 

h/y; Machine 

Avail 'ty: %; 

Machine Oper'g Time 


_h/y 




Servicing Costs, 

Labor h/y at 


$/h;Parts or 

Outside Service: 

_$/y 





Useful Life: 


v; Charge Rate: 


% of Cost/y; 

Capital Cost. 


_$/y 


$/ 


4.1 


Type 
Cost ; 


$; Installation Cost:_ 


$; Throughput 


/h; 


Plant Oper ' g Time_ 


_h/y; Machine Avail 'ty: 
h/y at 


% ; Machine Oper ' g Time_ 


h/y 


$/h;Parts or Outside Service 


Servicing Costs: Labor 

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost:_ 


$/y 


$/y 


4.1 Subtotal Equipment Cost: 


$/ 


18.31 $/1oad 






Form 9-1 



5.8 


Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 



Process No. B. rri . FTiTi - io ii I 

6. Byproducts and Wastes 

6.1 Solid Byproducts/Wastes 

6.11 Type (Composition); Silicon chips and dust 

Physical Shape/Size:_ 

3 

Density: 2,34 g/cm ; Water Solubility: 

Toxicity : Biodegradable : 


Form 10 
Page 1 of 

Revision , Date 3/78 

Quantity Produced: 0.175 kq / load 
Energy Content: kWh/ , 

g/1 at °C; pH: 

Other Remarks: 


Type of Disposal: ^ 

Input Material for: Cost/ (Credit) $/ , Cost: 


$/ 


6.2 Liquid Byproducts/Wastes 
6,. 2_1 Type (Composition) 

3 

Density: 0.9 5g/cm 
Toxicity: 


(inorganic ) : 

: pp oil slurrv Quantity Produced : 7 .6 ^ / load 

k 

; Suspended Solids: Sir, abrasiv e Amount : Q. 24 ^ g/1 pH: N.A. 

Heavy Metal Content: mg/1 Other Remarks: 


Kerf; 1.425 kg/load, concentration 187.6 g/i ^ 

Type of Disposal: can be Stored in drums 

Input Material for: ^Cost/ (Credit) 0 $/ 0 


Carry : 


Cost,: 


$/ 


'$/ 
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No. E] . n . EI 2 1 — ITT71 


Revision 


7. Process Cost Computation 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6,) 1 141.87 $/1oad 


7.22, Other Indirect Costs; 
0.059 X (4. lV+ 108X 4 


% of 7.11 


7.21 Total Operating Add-on Costs of Process: 


1.418 $/ 1oad 
143.29 $/load 


7.22 G & A 


% of 7.21 


7.31 Total Gross Add-On Cost of Process 


7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 


143.29 $/ load 


235.67 $/ load 


7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) } 378.96 $/ load 


7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate % 


303.44 $/ load 


7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


/ kc 


95 % 


0.60 m / 


2.10 / load 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 i 7.44) 


682.40 



324.95 $/ ni 


7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 i 7,44) 


180.46 $/ m 




Process No. 



8, Price Computation 


8.1 Alternate 1 


8.11 Profit at Expected Rate of % ? 36.09 $/ 

(Profit before income taxes; applied to 7.52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work- in -Process (7.51 + 8.11) 


2 

m 
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2 

216.55 $ / m 

361.04 $/ 




Process No. 




Revision 


.8,2 Alternate 2 (SAMICS Methodology): 

8.21 Profit Computation: 

0,9274 * 18,31 $ / 1oad from Subtotal 4.1 = 16.98 

1.946* 3. 13 $ / losd from Subtotal 4.2 = 6. 10 

OTwiniiii.i.i.i ri I 

Subtotal = 23 .08 

8.22 Costs of Amortization of the One-Time Cost: 


$/ load 
$/ load 


0.192* 68.17 



load 

from 

Subtotal 

2.7 = 

13.09 

0.192* 52.25 

^S/_ 

load 

from 

Subtotal 

3.5 = 

10 03 

0.2958*18.31 

$/_ 

load 

from 

Subtotal 

4.1 = 

5.^ 

2.77* 3.13 

$/ 

load 

from 

Sub total 

4.2 = 

8.( 


Subtotal 

8.23 Total Net Cost of Equity (8.21 + 8.22): 


37.22 $/ load 


8,24 Profit and Amortization of Start— up Costs per Unit of Good Output 
Work-in-Process: ^ 

(Divide Subtotal 8.23 by 2, 1 m / load from 7.44) 

r 

28.71 $/ ,m' 
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> '© 

% 

‘tk 


60.30 


8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


209,17 
353 . 66 



Process No 


• m n~i 1 0 1 2 i - i pj-Z 


0. Output Specification: 

Name of item; Silicon wafer, as-cut 

Dimensions : 7.5-cm in diameter and 0.4 mm thick 

Material: high purity silico n 

Other Specifications: 


subsurface damage depth i s 


I 

r" 
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Form 1 


Process No. m.m.cgi 


University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Process: Sheet generation 

Subprocess : Ingot slicing 


Option: ID fixed - abrasive slicing^ 


10.16 cm diameter^, ingots (HAMCO) 










Form 2 


Process No. 


Page __2_of J 

Revision Date 4/78 


E.Q.IH 

2 

— 

0 

3 

0,1 Value Added: 

i 


Process Description: Inner diameter slicing of 10.16 cm diameter ingots. 

Analysis derived from data supplied by HAMCO. 

555 slices made per load, 


1 . 


Input Specification: 


Name of Item: 

Dimensions : 

Katenal: 

Other Specifications: 


Prepared machi ne load from 2.4 : 01 : 03 

10.16-cm in di ameter, 46-cm long, 8.72 kg/1oad 

High purity silicon 

- - ------- ' " 

See 2.4-01-03 


1,1 Quantity Required; 8.726 kg / load 


Unit Cost: 149.31 $/ kor-s 


1.2 Input Value! 

1.3 Input Cost: 


1302.90 $/ load 

$/ 


Note to Item 1,3: Use price, if input produced in own plant, 



Process No. m.m.si 


0 


2.2 Indirect Materials (incl. supplies and non-energy utilities): 
2.2 1 Type: Coolant 


Revision 


Specification: Filtered domestic wafer with Rust-Lick 


80:1 water to Rust-Lick ratio 


Quantity Required; 


1 gallon /load; unit Cost: 3.65 gallons -ost; 


2.2__2 Type- Blade dressing 


specification: Alumina stick 


Quantity Required' 
2.2_ Type: 


4.41 m2 


/load; Unit Cost: 0.71 $/ m2 ; Cost: 


Specification: 


Quantity Required: 


Unit Cost ; 


§/ 


Cost: 


2.2 Subtotal Indirect Materials: 


Form 4 
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3.65 load 


3.15 $ / 1 oad 


$/ 


6.80 $/load 




i oh 


Process No. Q.Q.ED- 
2.3 Expendable ToolxngJ 

2.3i. Type: ID blade, diamond-- plated 


Form 5 
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2.5 Subtotal 2.2 to 2.4; 

2.6 Handling Charge: 5.26 % of item 2.5 

63.28 $/ Toad 

.3... 32 $/ IrvaH 



2.7 Subtotal Materials and Supplies: 

66.30 $/ load 



Ouantltv Reqiiirpd: 

1 blade 


/load 

Unit Cost: 55 

$/bladecost: 

55 S/ InaH 

2 . 3 _ Type : 









Ouantltv Rftqiiirprf! 



/ : 

Unit Cost: 

$/ Cost: 

$/ 

2 . 3 _ Type : 









Quantity Reqni r^H : 



/ : 

Unit Cost: 

$/ Cost: 

3/ 

2 . 3 _ Type ; 









Quantity Required: 



/ : 

Unit Cost: 

$/ Cost: 

$/ 






* 



L 

2.3 

Subtotal Expendable Tooling: 

55 $/ load 

Energy 








2.4 Type: 

Electrical, 2kwpiain and auxiliary motors 







Quantity Required: 

46.2 kWh/ load 

* 

Unit Cost: .032 

$/ kWh Cost: 

1.48 $/ load 

2.4 _ Type: 









Quantity Required: 

r 

— 


Unit Cost: 

$/ Cost: 

$/ 





Process 


Q.III.IDD-IIH 


’3.1 Direct Labor: 

■e 

3.1 1 Category: Semiconductor Assembler 

■* ^ ^ o y 7 1 * imn ’ r i» f » ~ — — ^ 


3.1_2 Category: Semi conductor As<^pmhl pr_ 

' (SAMICS B3096D) . 

Amount Required; 4.3 b / load 

3 13 Category Maintenance Mechanic 
(SAMiCS B3/3bD‘l 

Amount Required: 0.80 h / -load 

3.2 Indirect Labor: Taken as 25% of direct 

3.2_ Category: 

Amount Required: h/ 

3.2_ Category: 

Amount Required h/ 

3.2_ Category 

Amount Required; h/ 


Revision 


Activity : loadinq/unloadinc 


Amount Required; 0.0,83^ h/load 5 Rate: 


i; Load 35.0 % ; Cost: 


; Rate: 


Activity: Blade head chanqin< 

; Rate: $ 5.67 /h; Load 36.0 


%; Cost; 


%; Cost: 


3.1 Direct Labor Subtotal: 


Activity: 


; Rate: $_ 


Activity;^ 


; Rate; $_ 


Activity; 


; Rate: $ 


/h; Load 


/h; Load_ 


/h; Load 


%; Cost; 


%; Cost: 


%; Cost: 


3.2 Indirect Labor Subtotal: 

3.3 Subtotal 3.1 and 3.2 


Form 6 
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0.439 


22.81 


A 17 $/ load 

29.42 $/ load 


7.35 $/ load 

36.77 $/ ~^oad 


3.4 Overhead on Labor: 5.26 % 



Process No 


m.Ei.Eini-c 


Revision 


4.1 Equipment 

4 . l_l Type : ID saw slicing machine 

Cost: 40»Q0Q $; Installation Cost: $; Throughput: 325 

Plant Oper’g Time 8280 h/y; Machine Avail’ ty: 95 %; Machine Oper'g Tim e 7866 h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service- 285.71 $/y 

Useful Life: 7 y; Charge Rate- 21,4 % of Cost/y; Capital Cost: 8560 $/y 


Form 7 
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27.21 $/ 1oad 


4 . 1_ Type 

Cost: $; Installation Cost: S; Throughput: /h; 

Plant Oper'g Time h/y; Machine Avail 'ty: Machine Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $/y 


$/ 


4,1 



§S 


m 


Type : — 

Cost: $; Installation Cost: $; Throughput: /h; 

Plant Oper'g Time ^h/y; Machine Avail 'ty: %; Machine Oper’g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: y; Charge Rate:_ % of Cost/y; Capital Cost: $/y 


$/ 


4.1 Subtotal Equipment Cost: 


27 c 21 $/load 



Process 


No. Q.0.IZ 


4.2 Facilities: 

- 4.2J Type; Machine area 


Floor Area: 9.0 


jn ; Throughput; 325 loads 


Revision 

/y 
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Charge Rate: ■ 179.13* 




4.2_ Type:_ 


Charge Rate: 


Heating 
Air Cond’g 
Lighting 


4. 2_ Type: 


Charge Rate: 

Heating 

Air Cond’g 

Lighting 


Energy Use; 


Labor; 


Heating 

/y at 

$/ 

1 

Air Cond’g 

/y at 

$/ 

1 

Lighting 

/y at 

$/ 

L 



Maintenance Costs: 
h/y at 

Supplies : 

Outside Services; 


_$/h 

_$/y 

_$/y 


Total Cost; 


1612 


$/y 


Fioor Area: 


_m ; Throughput: 


Jy 


.$/(m ‘y); 


Energy Use; 
/y at 


Labor : 


Maintenance Costs: 


_h/y at 


$/h 


_/y at 

Jy at 


3L 

$/ 


Supplies : 

Outside Services; 


V. .-I .J. V. ^ I V .i. W S.J • 


Jly 

J/y 


Total Cost: 


$/y 


Floor Area: 


m ; Throughput ; 


Jy 


Energy Use: 
h at __ 


Jy at 
Jy at 


_$/(m -y); j 

_ I 

i 


JL 

$/ 


Labor: 


Maintenance Costs: 
h/y at 


Supplies ; 


Outside Services: 


_$/h 

_$/y 

Jly 


Total Cost: 


$/y 


4.2 Subtotal Facilities: 


4.3 Equipment and Facilities Subtotal : 


4.96 $/load 


$/ 


$/ 


4.96 


$/ 


load 


32.17 $/load 


*Includes energy use 


Form 9-1 


Process No. 


. E . I°hl - I°|3| 


5. Salvaged Material (Work-in-process) 


5.1 

5.21 

5.22 

5.23 

5.24 


Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 

Input Work-in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5,1) 

Net Amount of 5.21 which is sold for Credit As-Is or 

n n r 

After Applying Re-Process i 1 t I 1 * 1 — 


Credit for 5.22 at the Market Value of 

Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of 


$/ 


$/ 


5.25 Net Credit for 5.22 (5.23 minus 5.24); 

5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 


Page T o f 
Revision Date 


5.15 kg / load 
3.57 


5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1,1) 

5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(TUnount 5.2 Times Unit Cost from 1.1) 


Salvaged Materials Summary; 

II I ■ 


5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 


$/ 


$/ 


/ 


4/78 


$/ 


533.04 $/ loa' 


768.95 loa 


S/ 



Process No. m.m.EiD-Ei] 

6. Byproducts and Wastes 

6.1 Solid Byproducts/Wastes 

6.1^1 Type (Composition) ; Silicon chips and dust 
Physical Shape/Size: 

3 

Density: 2.34 g/cm ; Water Solubility: 


Toxicity: 


Biodegradable : 


Revision 


Quantity Produced: 0» 105 leg / load 


Energy Content 

_g/l at 

Other Remarks: 


C; pH:_ 


Form 10 
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Type of Disposal: 

Input Material for: 


Cost/ (Cred it) 


6.2 Liquid Byproducts/Wastes (inorganic): 

6.2 1 Type (Composition): water and- silicon kerf Quantity Produced; 3QQ % ! load 

Density: g/cm ; Suspended Solids: 3.47 kg/load Amount; 11.6 g/l pH: 


Toxicity: 


Heavy Metal Content; mg/1 Other Remarks 


Type of Disposal: 

Input Material for:_ 


Cost/ (Credit) 


Carry 



Form 

Page_ 


„ rri [Tl to I 2 I — 10 I 3 

No • L_J « 1 — LJ * ^ * — 


Process No. LU . . LT_1 

7. Process Cost Computation 


Revision 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 
7.22 Other^J|;idir^ec^ ^ % of 7.11 

7.21 Total Operating Add-on Costs of Process: 

7.22 G & A % of 7.21 

7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


12 

1 of 1 


137.17 $/ 1oad 
2.15 $/ 1oad 
" T 3973 I ~ $/ ~1oad 

$/ 

/ 1osd 

$/ 

533.04 $/ 1oad 

768.95 $/ load 

$/ 

T443".“35'77lo^ 



7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 -r 7.44) 


327.29 $/ m2 


7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 -r 7.44) 


152.92 




Process No. 



8. Price Computation 
8.1 Alternate 1 


8.11 Profit at Expected Rate of 20 % ; 30,58 $/ 

(Profit before income taxes; applied to 7.52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work-in-Process (7.51 + 8.11) 


Revision 
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183,50 $ / 

357.86 $/ 




Process No. 


oim 


Revision 
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8.2 Alternate 2 (SAMICS Methodology): 
8.21 Profit Computation: 


0.9274*_ 

27.21 


load 

from 

Subtotal 

4.1 

= 

1.946* _ 

4.96 


load 

from 

Subtotal 

4.2 

= 






Subtotal 


= 

Costs of 

Amortization 

of the 

One-Time Cost: 



0.192* 

66.30 

$/ 

load 

from 

Sub total 

2.7 

~ 

0.192* 

38.70 

$/ 

load 

from 

Subtotal 

3,5 


0.2958*_ 

27.21 


load 

from 

Subto tal 

4.1 

= 

2.77* 

4.96 

$/ 

load 

from 

Sub to tal 

4.2 



= 34.89 $/ 


Subtotal 

8.23 Total Net Cost of Equity (8.21 4- 8.22): 


= 13.74 $/ load 

= 41,95 $/ load 


8.24 Profit and Amortization of Start-up Costs per Unit of Good Output 
Work-in-Process : 

(Divide Subtotal 8.-23 bv 4.41 / load from 7.44) 


/ load from 7.44) 
17.42 


8.25 Price of Process (7.52 + 8.24) 

8.26, Price of Work-in-Process (7.51 + 8.24) 


76.84 $/ load 



Process No, m.Ei.izii-iin 


9. Process Economic Evaluation; 

9.1 Process Cost Balance (7.52 - 0.1) 

9.2 Relative Process Performance (9-l ' 

9.3 Output Cost (7.51) 

9.4 Output Value (0.2 + 0.1) 

r, 

9.5 Relative Excess Cost j_(9.3 - 


Form 14 
Page J of 


Revision Date 4/78 



9.4) f 9 . 4 } 


Process No. 



0. Output Specification: 

Name of item: Silicon wafers, as cut 

Dimensions : 10»16 cm in diameter, 0.50 mm thi ck 

Material : Si 1 icon 

Other Specifications: 
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Process No. 03. ED. HE 


Form 1 


Process ; 


Unxversity of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Sheet generation 


Subprocess : Wafer generation 
Option; 


STC Current Production 


ID Slicing (10-cm diameter wafers) 


INDEX 










Form 2 


Revision 


^^8*^ ^ o f . 1 
Date 8/78 


Process No. 

Process Description: 


jro 

♦ 

1_ 

p 

_o_ 

2 

— 

0_ 

0 

0.1 Value Added: 


.$/ 


Inner diameter slicing as performed commercially by STC's ID slicing machine 


1. Input Specification: 

I 

Name of Item: Single crystal silicon ingot, prepared as specified in 2.4-01-17- 

Dimensions: 10-cm diameter, 60 cm long, 11 .027 kg 

Material: high punty silicon — 


Other Specifications 


1.1 Quantity Required: 


1 1 .027 load Unit Cost: 149.45 $/ kg 


1.2 Input Value: 

y 

$/ 

1.3 Input Cost: 

1647.45 $/ load 

. - - -1 


Note to Item 1,3: Use price, if input produced in own plant. 





Process Wo- m . [j] .i. oi d -Eii 


2.2 Indirect Materials (incl. supplies and non-energy utilities): 
2.2 1 Type: Mi SC. materials , 


Revision 


Specification: Includes; alumina sticks, mounting epoxy, graphite mounting bar, etc. 


Quantity Required* 
2.2 2 Type- Coolant 


/ ; Unit Cost: 4.00 $/ load ; Cost: 


Specification: 80:1 water to Rustlick 


negligible. Flow rate is 7 Vh 


Quantity R.equircd: 
2,2_ Type: 


negligible 


/ ; Unit Cost: 


$/ 


Specification: 


Quantity Required: 


/ ; Unit Cost; 


$/ 


Coolant is recycled and filtered so that consumption/load is 


Cost : 


; Cost: 


Form 4 

Page of J_ 
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2.50 $/ load 


2.2 Subtotal Indirect Materials: 


S/ — 


$/ 


2.50 $/load 




Process .'Jo. 

Page 1 of 1 

2.3 Expendable Tooling; 

Revision Date 8/78 


2.3 J. Type: 

STC-22 ID diamond coated blade 




1 




Quantity Required: 0.1667 blade 

/load : 

Unit Cost: 

no $/bladeCost: 

18.33 

$/load 

2. 3 _ Type : 









Quantity Required: 

/ : 

Unit Cost; 

$/ 

Cost : 


$/ 

2.3„ Type: 









Quantity Required: 

/ : 

Unit Cost; 

$/ 

Cost: 


$/ 

2.3 Type: 









Quantity Required: 

/ : 

Unit Cost: 

$/ 

Cost: 


$/ 











2.3 

Subtotal Expendable 

Tooling: 

18.33 

$/ load 


LEI . LiJ . 1 0 iz 


- 0 3 


Form 5 


2.4 Energy 


2.4 J Type: Power consumption is 2 kW, running time is 35.7 h. 

Quantity Required: 71.4 kWh/ 1 03d ; Unit Cost: 0 . 031 9 $/ kWh Cost: 


2.28 $/ load 


4 2.4 Type: 

■/ 

Quantity Required: 


: Unit Cost: $/ Cost; 

$/ 

2,4 Subtotal Energy Costs: 

2.28 $/ load 

2.5 Subtotal 2.2 to 2.4; 

23.11 $/ load 

2.6 Handling Charge: 5.26 % of item 2.5 

1.22 $/load 



2.7 Subtotal Materials and Supplies: 

24.33 

(2.5 + 2.6) 






s»- EU.QIl.ErZI-IZOI 


3.1 Direct Labor: 


3.1J Category:, 


Amount Required: 


(SAMICS B3M) 

lired: 


h/ load ; Rate: $ 3.89 


3.1_2 Category: Semiconductor Assembler 
(SAMICS B3096D) 

Amount Required: 2.5 h / load 

3.1 3 cateaorv: Maintenance Me chanic 
(SAMICS B3736D) 

Amount Required; 0.5 h / 1oad_ 


3.2 Indirect Labor: Taken as 25% of direct 

3.2_ Category: 

Amount Required: _h/ 

3.2_ Category: 

Amount Required :_ h/ 


3.2_ Category :_ 


Amount Required: 



3.5 Subtotal Labor 


25.97 


Process No. m.m.iZEi-E 

4.1 Equipment 


Form 7 
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4.1_1 Type: STC ID slicing machine 

Cost: 40,000 $; Installation Cost:_ 


Throughput: 224 loads /)^;v 


Plant Oper'g Tim e 8280 h/y; Machine Avail 'ty: 99 %; Machine Oper'g Time 8197_,2 hly 

Servicing Costs: Labo r 52 h /y at 8.12._ $/h;Parts or Outside Service; 300 $/y 

Liseful Life: 7 y; Charge Rate; 21.35 % of Cost/y; Capital Cost: . 2 5 


J/y 


4.1 


Type:_ 

Cost: 


$; Installation Cost: 


$; Throughput: 


/h; 


Plant Oper'g Tirne_ 


Servicing Costs: Labor 
Useful Life; 


h/y; Machine Avail 'ty: Machine Oper'g Time_ 

^h/y at $/h;Parts or Outside Service: 


h/y 


$/y 


y; Charge Rate; 


_% of Cost/y; Capital Cost:_ 


$/y 


4.1 


Type:_ 
Cost : 


$; Installation Cost;_ 


$; Throughput :_ 


/h; 


Plant Oper'g Time_ 


_h/y; Machine Avail 'ty: 
hly at 


%; Machine Oper'g Time_ 


h/y 


$/h;Parts or Outside Service :_ 


Servicing Costs: Labor 

Useful Life: ^y; Charge Rate: % of Cost/y; Capital Cost:_ 


$/y 


$/y 


41.34 $/^1oad 


$/ 


$/ 


4.1 Subtotal Equipment Cost: 


41.34 $/ load 



Process No. □ .Q.0D-0I] 


4.2 Facilities; 


4.2J. Type; ID machine area 


Revision 


Charge Rate: 179.13* 


Heating 
Air Cond’g 
Lighting 


4.2_ Type:_ 

Charge Rate: 


Heating 
Air Cond ’ g 


Lighting 


4.2_Type; 

Charge Rate; 


Heating 
Air Cond'g 


Lighting 


Energy Use: 
/y at _ 

h at _ 

/y at 


Energy Use: 
_/y at __ 

/y at _ 

/y at _ 


Energy Use: 
ly at _ 

h at _ 

h at 


_ Floor Area; 7.5 m ; Throughput; 224 loads 

2 ^ •— <»*» » — • m-m ■ 

' Maintenance Costs: 

Labor: h/y at 

$/ I 

Supplies: 

* / i A. 


_h/y at 


Supplies : 


Outside Services; 


Total Cost: 1 343.48 $/y 


Floor Area: 


.$/(m -y); 


m ; Throughput: 

Maintenance Costs: 


Labor : 


h/y at 


Supplies ; 


Outside Services: _ 

I Total Cost: 


Floor Area: 


_$/(m -y); 


m ; Throughput: 


Maintenance Costs: 


Labor: 


_h/y 'at 


Supplies; 


Outside Services: _ 

Total Cost: 


Form 8 

Page _J of _J_ 
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6.00 $/ load 


* Includes energy use 


4.2 Subtotal Facilities: 


6.00 $/1oad 


4.3 Equipment and Facilities Subtotal : 


47.35 $/ load 
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Process No 


. 0 . 0 . li 


0 


5. Salvaged Material (Work- in-process) 

5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 

5.21 Input Work- in-process 1. Not Contained in Good Output 

' Work-in-Process ("Tunount Required" from 1.1 minus 5.1) 

5.22 Net Amount of 5.21 which is sold for Credit As-Is or 


After Applying Re-Process 

5.23 Credit for 5.22 at the Market Value of 

5.24 Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of 


$/ 


$/ 


Revision 


5.453 


5.574 


5.25 Net credit for 5.22 (5.23 minus 5.24); 

5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 

5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 

5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.2 Times Unit Cost from 1.1) 


Salvaged Materials Summary; 


5.8 Total Net 'credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 


kg / load 


kg ^load 


/ 


_$/_ 

$/ 


5.574 kg / load 


Date 8/78 


$/ 


833.03 ?/ load 
814.95 load 




$/ 
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7. 


Process Cost 


Computation 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 

7.21 Total Operating Add-on Costs of Process: 

7.22 G & A % of 7.21 

7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 



7.33 Cost of Work-in-Process Lost (5.3) 

833.03 $/ load 

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate % 

933.66' $/ load 

814.95 $/ load 

$/ 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 

T748..61 $/ load 

7.4^1 Theoretical Yield (or Conversion Rate, if output units of 

work-in-process do not equal input units) 0.585 tn^ / kg 

7.42 Practical Yield 95 % 

7.43 Effective Yield (7.41 x 7.42) 0.556 ITl^ / kq 

7.44 Number of Units of Good Output Work-in-Process per 

Computation Unit Used up to 7.35 6.133 / load 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 r 7.44) 

7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 "h 7.44) 

285.11 $/ m2 

152.24^^ 




Process No. m.m.RTi-RTi 


8. Price Computation 
8.1 Altern.nte 1 


8.11 Profit at Expected Rate of 20 % ; 30.44 $/ 

(Profit before income taxes; applied to 7.52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work-in-Process (7.51 + 8.11) 


Revision 


Form 13-1 
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load 


182-69 5 / 

316.56 / 




Process No , I 2 


Revision 


8.2 Alternate 2 (SAMICS Methodology): 
8,21 Profit Computation: 


Subtotal 

8.23 Total Net Cost of Equity (8.21 + 8.22): 

8.24 Profit and Amortization of Start-up Costs per 
Work-in-Process : 

(Divide Subtotal 8.23 by 6.133 fD^ 


Unit of Good Output 
/ load from 7.44) 

14.43 $/ m2 
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0.9274*_ 

41.34 

$/ 

load 

from 

Subtotal 

4.1 = 

38.34 

$/ 

load 


1.946* _ 

6.00 

_$/_ 

load 

'from 

Subtotal 

4.2 = 

11.68 

J/_ 

load 






< 

Subtotal 

= 

50.02 

JL 

load 

_ 

Costs of 

Amortization of the 

One-Time Cost: 






0.192* 

24.33 


load 

from 

Subtotal 

2,7 = 

4,67 

$/ 

load 


0.192* 

25.47 

$/ 

load 

from 

Subtotal 

3.5 = 

4.98 

$/ 

load 


0.2958*_ 

41.34 

_$/ 

load 

from 

Subtotal 

4.1 = 

12.23 

$/ 

load 


2.77* 

6.00 


load 

from 

Subtotal 

4.2 = 

16.62 

$/ 

load 



8Q-52 $/ load 


166.67 $/ m2 

299.54 $/ m^ 


8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


Process No 




6. Byproducts and Wastes 


Revisxon 


Form 10 
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6.1 Solid Byproducts/Wastes 

(Composition): Silicon chips 

Physical Shape/Size. 

Density 2.34 g/im ; Water SoluhlllC^ 


Quantity Produced: 0.14 kn/ load 


Tos Lc ic\ 


Biodegraddb Le : 


Energy Content: 


.g/1 at 


Other Remarks: 


pH: 


Type of Disposal 


[nput Material for 


Cost/(Credit) 


6,1 Liquid Byproduc ts/W,Tsti's (inorganic): 

6.2J Type (Composition): PC Oil With abrasive 


Quantity Produced: 7.6 load 


Density: ~0. gFfe/cm ; Suspended Solids: SiC abrasive Amount; 


mg/1 pH: 


Toxici tv 


Heavy Metal Content: nig/1 Other Remarks; 


Slurry oil also contains Si kerf at a concentration of 145 g/ji 

Type of Disposal: 


Input Material for: 


Cost/ (Credit) $/ 


Carry: 



Process N'o. [D . E] . 

7. Process Cost Computation 


rorm 

Page 


12 

1 of 1 


Revision Date 3/78 

7.11 Manufacturing Add-On Costs (sum of 2. 7 , 3. 5, 4 . 3, 6. ) 113 

7.21 Total Operating Add-on Costs of Process: 115 

7.22 G & A % of 7.21 

7.31 Total Gross Add-On Cost of Process 115 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 191 

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 307 

7.35 Cost of Input Work-in-Process Contained in Good 

Output Work-in-Process (5.4) 245 

7.36 Loading on Item 7.35 at Rate % 

*— ****>^>— B— i miMiiB — — ma— iatantta— oi— 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 552 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


0.63 tn^ / kg 

_95 z 

0.6 / kg 

1.63 /load 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 T 7.44) 


113.91 $/ load 

1»'39 load 
115.30 

WM— ■BT — 

$/ 

115.30 $ / load 

$/ 

191.95 $/ load 
307.25 i/ 1^-,^ 


245.18 $/ load 

$/ 

"552.42 $/ load 



7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 r 7.44) 



Form 15 
Page 1 of 1 


Process No. 


m.Eii. 



0. Output Specification: 

Name of item: Silicon wafers 

Dimensions : 10 ciT) diameter, 380 ym thickj 

Material : 

Other Specifications: kerf, 822 wafers/load 


Revision ^Date 8/78 
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Form JL 


I «T., ^ V -I ^ ] L U I I 

University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Process: Sheet generation 

Subprocess; Ingot Slicing 

Option: ID fixed abrasive slicing of 10.16 cm 


diameter ingots as performed bv nn T and 
projected for 1982 

INDEX 











Form 2 


Process No. [H.H.LikJ-ky 



Process Description; 


Inner diameter slicing, 

- II , I I ■■ ■..!■< i — ia.M ■ ■ I ■ Ilia »■» I ■ H I 

as demonstrated by OCLI using a STC-22 diamond impregnated blade 


(55.88~cm OD, 20.32-cm ID, 0.15 mm thick core with a0.33-.36 mm total thickness). 



Input Specification: 

Name of Item* Prepared machine load from 2.4 : 01 : 03 


Dimensions ; 


Material: 


10.16 cm in diameter, 25 cm long, 4.7 4 kg silicon crystal ingots 
High purity silicon. 


other Specifications; Single crystal ingot 



Note to Item 1,3: Use price, if input produced in own plant 




Process No 


• in » m > 1 oi zi -[jqE 


2.2 Indirect Materials <incL. supplies and non-energy utilities): 
2.2 1 Type: Blade dressing materials, 


Revision 


Form 4 

Page i of _ 
Date 3/78 


Specif ication: Alumina Stick. 






Process No 
2.3 Expendable Tooling: 


. iJ . LtJ . 1ZI3 -[111. 


Type: _ 

Model STC-22, ID diamond -pi a ted 

blade 





Quantity Required; 

0.07 

blade/ load 

Unit Cost: 150 

$/bladeCost: 

Type: , 








Quantity Required: 


/ : 

Unit Cost; 


Cost: 

Type: 







Quantity Required: 


/ : 

Unit Cost: 

$/ 

Cost: 

Type: 


Quantity Required: 


/ : 

Unit Cost: 


Cos t : 



Form 5 
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Revision 


2 3 Subtotal Expendable Tooling: 


Date 


10.49 $/ load 




$/ 




10,49 $/ load 


Z.4 Energy 

2.42 Type: Electrical, 2kW main and auxiliary motors 


^Quantity Required: 


29.4 


kWh/load : Unit Cost: Q.Q319 $/ kWh Cost: 


2.4 Type: 


_Quantity Required: 


Unit Cost: 


3 ! 


Cost : 


2.4 Subtotal Energy Costs: 

2.5 Subtotal 2.2. to 2.4. 

2.6 Handling Charge: % of item 2.5j 


0.94 $/ load 


.$/. 

0.94 $/lQad_ 


15.87 $/ load 
0.84 _$/lna4 


2.7 Subtotal Materials and Supplies; 
(2.5 -H 2.6) 


•lb -71 $/lfiaiL 






Process No. 




3,1 Direct Labor; 

3,lJ Category: S enii conductor Assembler 
~TSAMICS B30Q6D) 

Amount Required; 0.525 h / load 

3.1 2 Category: Semiconductor Assembler 

“TbAMIl'S' inoijisij} 

Amount Required; 0.23 h/ load 

3.1 _3 Category; Maintenance Mechanir 
(SAMJCS B3736D) 

Amount Required; 0.875 h / 105d 


^Activity 

Rate; $ 3.90 

Activity 

Rate: $ 3.90 

Activity 

; Rate: $ 5.67 


3.2 Indirect Labor; Taken as 2 %% of direct 


3,2 

Category; 


Activity; 


Amount Required: 

h/ 

; Rate; $ 

3.2 

Category : 


Activity: 


Amount Required: 

h/ 

; Rate; $ 

3.2 

Category: 


Activity ; 


Amount Required: 

h/ 

; Rate; $ 




Process No 


•m.m.G 



Revision 


k . 1 Equipment 

4.1_1 Type: ID Saw slicing machine 

Cost; 40,000 Installation Cost; $; Throughput: 480 /fe;v 

Plant Oper'g Time 8280 h/y; Machine Avail 'ty; 95 Machine Oper'g Tim e 7866 ^h/y 

Servicing Costs: Labor ^h/y at $/h;Parts or Outside Service: 285«71 $/y 

Useful Life: y, Charge Rate: 21.4 % of Cost/y; Capital Cost: 8560 $/y 
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18.43 $/ load 


4.1 


Type: 

Cost: $; Installation Cost: $; Throughput: /h; 

Plant Oper’g Time h/y; Machine Avail 'ty: %; Machine Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: y; Charge Rate; % of Cost/y; Capital Cost: $/y 


$/ 


4,1__ Type: 

Cost: $; Installation Cost: $; Throughput; /h; 

Plant Oper'g Time h/y; Machine Avail 'ty: 7<>; Machine Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life; ^y; Charge Rate: % of Cost/y; Capital Cost: $/y 


4.1 Subtotal Equipment Costt 


18.4^ $/1oad 



Process No. 


7] . Q . 


4.2 Facilities: 
4.2_1 Type: 


Revision 


l^hine area 


Floor Area: 


_m ; Throughput : 


Charge Rate: 179.13* 


Heating 
Air Cond’g 
Lighting 


4.2_ Type: 

Charge Rate: 


Energy Use: 
h at _ 

/y at 

/y at 


Heating 
Air Cond’g 


Lighting 


4.2_Type: 

Charge Rate; 


Heating 
Air Cond’g 


Lighting 


Energy Use; 
/y at _ 

/y at _ 

/y at 


Energy Use: 

/y at _ 

/y at 

/y at 


_$/(m^*y); P* 

Labor; 

$/ I 

$/ ^ 


Maintenance Costs: 


_h/y at 


Supplies : 


Outside Services: 


Total Cost: 


Floor Area: 


,.$/ (m -y) ; 


m ; Throughput: 

Maintenance Costs: 


Labor : 


h/y at 


Supplies : 


^ Outside Services: 

I Total Cost; 


Floor .Area: 


m ; Throughput: 


_S/(ni -y) ; | 


Maintenance Costs: 


Labor: 


h/y at 


Supplies : 


Outside Services: 


Total Cost: 


Form 8 

Page of 1 
Date 


3.36 $/ load 


* Includes energy use 


4.2 Subtotal Facilities: 


3o36 $/1oad 


21.79 $/1oad 
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Revision 


JDate 


Salvaged Material (V?ork-in-process) 


5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process iper Computation Unit) 


kg / load 


5.21 Input Work-in-process 1. Hot Contained in Good Output 
Work-an-Process ["Amount Required" from 1.1 minus 5.1) 


kg / load 


5.22 Net Amount of 5.21 which is sold for Credit As-Is or 


After Applying Re-Process 




5.23 Credit for 5.22 at the Market Value of 

5.2j) Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of 

5.25 Net Credit for 5.22 (5.23 minus 5.24); 


5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 


5.3 cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 


kg / load 


168.99 5/load 


5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.2 Times Unit Cost from l.L) 


173.33 $/load 


Salvaged Materials Summary 


5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 






Process No. E] . Q . [lEil-liII 

6. Byproducts and Wastes 
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H . LiJ . 0I2 I ~Iq |3 


Process No. . LU * i-Ml 
7. Process Cost Computation 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 

7.22 Other Indirect Costs: , % of 7.11 

f0.059*(4.1H-0.lna*4.?1 

7.21 Total Operating Add-on Costs of Process: 

7.22 G & A % of 7.21 

7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate % 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


Form 

12 

Page_ 

_j ^of 

Date 

3/78 

6.) 

! 52, 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


TOO % 

% 


0.6 / kg 

2.84 load 


52.64 $/ 1oad 
1 .45 $/ load 

54.09 $/ load 
$/ 

$/ 

168.99 $/ 1oad 

'DOT no 1 03d 


173.33 $/ load 

$/ 

396.40 $/ 



7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 -r 7.44) 


139.58 y „2 


7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 ^ 7.44) 


78.55 




Process No. m.fTi.rTTTiJTrTi 


8. Price Coinputation 
8.1 Alternate 1 


8.11 Profit at Expected Rate of 20 % ; 15,71 $/ 

(Profit before incone taxes; applied to 7.52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work-in-Process (7.51 + 8.11) 
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94.76 $ / 

155. 29 $/ 




Process No. |2 
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8.2 Alternate 2 (SAMICS Methodology) 
8.21 Profit Computation: 


0.9274*_ 

18.43 

J/_ 

load 

from 

Sub total 

4.1 = 

17.09 


load 


1.946* _ 

3.36 

J/_ 

load 

from 

Subtotal 

4.2 = 

6.54 


load 







Subtotal 

= 

23.63 

_$/i 

load 


Costs of 

Amortization of the 

One-Time Cost: 






0.192* 

16.70 

JL 

load 

from 

Subtotal 

2.7 = 

3.21 


load 


0.192* 

14.15 

JL 

load 

from 

Subtotal 

3,5 = 

2.72 


load 


0.2958*_ 

18.43 

JL 

load 

from 

Sub total 

4.1 = 

5.45 


load 


2 . 77 * 

3.36 

J/_ 

load 

from 

Subtotal 

4.2 = 

9.31 

-JL 

load 



Subtotal = 20.68 $/ load 

8.23 Total Net Cost of Equity (8.21 + 8.22): 

8.24 Profit and Amortization of Start-up Costs per Unit of Good Output 

Work-in-Process: « 

(Divide Subtotal 8.23 by 2.84 m'^ / load from 7.44) 

15.60 ^$/ load 


44.32 $/ load 


94.15 

155.18 


8. 25 -Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


</> </> 


Process No. 


Gj. fn . 1 ol 2 


9. Process Econoraxc Evaluation: 

9.1 Process Cost Balance (7.52 - 0.1) 

9.2 Relative Process Performance ( 9 .I 

9.3 Output Cost (7.51) 

9.4 Output Value (0.2 + 0.1) 

9.5 Relative Excess Cost j_(9.3 - 
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Process No. 


E] [DC 



0. Output Specification: 


Name of item; 

Dimensions : 

Material: 


Silicon wafers, 95 cut 
10.16 cm in diameter, 0.36 + 0.02 mm‘ thick 


High purity silicon 


Revision Date 3/78 


Other Specifications: 


Kerf thickness is 0.35 mm 




Process No. iin.Hn-m 


Form 1 


University of Pennsylvania 
PROCESS CHARACTERIZATION 
CUPPC) 

Process; Sheet Generation 

Subprocess : Ingot Slicing 

Option: Multi blade Slurry Slicing of 10-cm diameter 


ingots with 234 blades per pack as demonstr ated 

experimentally by Varian in Exp. P-005. 
INDEX 







Form 2 


Page 1 of 1 



Revision 

Date 5/78 

Process No, j2|,|4|»|o 2 0 4 

0.1 Value Added: 

$/ 


Process Description: Multiblade slurrv slicing as performed experimentally by Variari 

using a blade-head with 234 blades. 


1. Input Specification; 

Name of Item: Silicon ingot, prepared as sp ecified_in 2.4-Ql-Ql — — 

Dimensions : 10-ctti in diameter, 11.9 cm Iona, mass is 2^19 ky 

Material: high purity silicon — 

Other Specifications; S 1 1 icon .si nql e crystal inqot.mounted Ojn reramir block 


1.1 Quantity Required; 2.19 l<g / load Unit Cost: 150.56 $/ _k£ 


1.2 Input Value: 

5 / J 

1,3 Input Cost; 

329.73 $/ load ^ 


Note to Item 1,3; Use price/ if input produced in own plant. 


Process No. a.m.d 


:ect Materials (incl 
Type: PC oil 

. supplies and non-energy utilities): 



Revision 

Specification: 

oil for abrasive vehicle 



• 






Quantitv Required: 

7.6 1 /load; 

Unit 

Cost : 

0.66 

$/ i 


Cost : 

Type: Abrasive 








specification* 

600 grit SiC abrasive; 








concentration in PC oil is 0.36 kq/2; 







mass consumed per load is 2.736 kg. 






Quantitv P.equired: 

2.736 kg /load; 

Unit 

Cost : 

4.29 

$/kg 



Type; 








Specification: 










Quantity Required: 

/ ; 

Unit 

Cost : 


?/ 

> 

Cost : 


Form 4 

Page of 1 
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2.2 Subtotal Indirect Materials; 


5.02 $/1oad 


7.03 s/load 


$/ 


12.05 $/ 1 oad 





Process No. 

Page 1 of 1 


2,3 Expendable Tooling: 

Revision Date 5/78 


2.3 1 Type; Blade pack with 300 blades of 1095 steel, 0.15 mm thick. 6.35 mm hiah 

Quantity Required: 1 pack / load: Unit Cost: 50 .l/tiack. Cost: 

2.3 Type: 

Quantity Required: / : Unit Cost: $/ Cost: 

,50 . $/^oad. 

$/ 

2.3 Type: 

Quantity Required: / : Unit Cost; $/ Cost: 

$/ 

2.3 Type: 

Quantity Required: / : Unit Cost: $/ Cost: 

$/ 


2 3 Subtotal Expendable Tooling: 

50 . $/ load 

. 4 Energy 

2.4 1 Type: Electricity for 1 kW main and auxiliary 

motors 1 

1.02 $/ load 

$/ . . 

Quantity Required: 32 kWh / load : Unit Cost:n.D319 kWh Cost: 

2.4 Type; 

Quantity Required: '• Unit Cost: $/ Cost: 


2,4 Subtotal Energy Costs: 

1.02 $/ load 


2.5, Subtotal 2.1 to 2.45 

2.6 Handling Charge; 5.26 % of item 2.5 

63.07 $/ load 

3.32 $/ load 


2.7 Subtotal Materials and Supplies: 
(2.5 + 2.6) 

66.39 


|7~LU l. fTfTI ^IFU 


Form 5 







Atnount Required: 


] Rate: $ 


Revision 



3.3 Subtotal 3.1 and 3.2 


■14.21 $/1oad 


3.4 Overhead on Labor: 5.26 


0.75 $/ 




Process No. ■ n~l . [7TTl -[7 

4.1 Equipment 

4.11 Type: Multiblade slicing machine 


Form 7 
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Cost : 20,000 


Plant Oper’g Tim e 8280 


$; Installation Cost: 


$; Throughput: ^^5 loads 

h/y; Machine Avail 'ty; 90 %; Machine Oper'g Tim e 7452 h/y 

h/y at $/h;Parts or Outside Service : 1592 . 3 $/y 

$/y 


Servicing Costs: Labor 

Useful Life* 7 y; Charge Rate; 21.35 % of Cost/y; Capital Cost: 


4270 


4.1 


Type:_ 
Cost : 


$; Installation Cost: 


$; Throughput: 


Plant Oper ' g Time_ 


%; Machine Oper'g Time_ 


h/y; Machine Avail 'ty: 

Servicing Costs: Labor li/y at $/h;Parts or Outside Service:_ 

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: 


4.1 


Type:_ 
Cost : 


$; Installation Cost:_ 


_$; Throughput 


Plant Oper ' g Time_ 


%; Machine Oper'g Tirae_ 


h/y; Machine Avail 'ty: 

Servicing Costs: Labor hly at $/h;Parts or Outside Service:_ 

Useful Life: ^y; Charge Rate: % of Cost/y; Capital Cost: 


_/h, 


_/h; 


h/y 


_$/y 


$/y 


_h/y 


$/y 


$/y 


4.1 Subtotal Equipment Cost: 


20.05 $/ load 


$/ 


$/ 


20.05 $/ lnad 



Process No 




4.2 Facilities: 


Revision 
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4.2J, Type: Slicing machine area 
Charge Rate: 179.12* 


Heating 
Air Cond 'g 
Lighting 


4.2„ Type: 

Charge Rate: 


Heating 
Air Cond'g 
Lighting 


Energy Use: 
/y at _ 

/y at _ 

/y at 


Energy Use: 
/y at 

/y at _ 

/y at _ 


Floor Area: 5.6 


_m ; Throughput: 225 


_$/(m^*y); P - 
Labor; 

$/ J 

I 


Maintenance Costs; 


_h/y at 


Supplies : 


Outside Services; 


Total Cost: 1003.13 


Floor Area: 


.$/(m *y); 


m ; Throughput : 


Maintenance Costs: 


Labor : 


_h/y at 


Supplies: ■ 


Outside Services: 


Total Cost: 


4.46 $/ 1oad 


4 . 2_ Type ; 


Charge Rate: 


Heating 
Air Cond'g 
Lighting 


Energy Use: 
!y at _ 

!y at 

/y at 


Floor Area: 


_$/(m 


_m ; Throughput : 


Maintenance Costs: 


Labor: 


_h/y at 


Supplies : 


Outside Services: 


Total Cost: 


* Includes energy use 


4.2 Subtotal Facilities: 


4.46 $/load 


24.51 $/load 
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5. Salvaged Material (Work- in-process) 

5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 

5.21 Input Work- in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 


1.035 kg / load 


1. 158 kg / 1oac 


5.22 Net Amount of 5.21 which is sold for Credit As-Is or 
After Api>lying Re-Process 

5.23 Credit for 5.22 at the Market Value of $/ : 

5.24 Cost of Reprocessing Material of 5.22 

at the Average Reprocessing Cost of $/ : 

5.25 Net credit for 5.22 (5.23 minus 5.24): 

5.26 Material of Type 1. Lost in Process (5,21 minus 5.22) 


5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 

5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.2' Times Unit Cost from 1.1) 


Salvaged Materials Summary: 


1.158 kg / load 


5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 




Process No ■ [7] . [T] . [o I 2 1- 10^71 

6. Byproducts and Wastes 

6.1 Solid ByproducCs/Wastes 

6,1_1 Type (CQirpQsli:i.Qn) : Silicon thips vjith dust 
Physical Shape/Size: 

3 

Density! 2.34 R/cm ; Water Solubility: 0 

Toxicity ; Biodegradable: 


Type of Disposal: 

Input Material for: 


6.2 Liquid Byproducts/Wastes (inorganic); 

6.21 Type (Composition): Abrasive oil slurry with kerf 

3 

Density: "'0. 95g /cin ; Suspended Solids: sir abpasivf 


Toxicity: 


Heavy Metal Content: 


Type of Disposal:^ 


Input Material for: 


Form 10 
Page 1 of 

Revision Date 5/78 

Quantity Produced: 0.21. kg / ioad 

Energy Content : Wh/ 

_g/i at ° C; pR: 

Other Remarks; 

Cost/ (Credit) $/ ; Cost: $/ 

_ Quantity Produced; 7.6 l ! loa d 

Amount : Q.36 1 pH 

mg/1 Other Remarks 

Cost / (Credit ) Cost: $/ 


Carry : 



No. . llJ . 012 H i 0 M 


Revision 
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7. Process Cost Computation 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 1 105.86 $/load 


7.22 Other Indirect Costs; 

,0... 5.9_x. 14 ■ 1 L +__Q . lQ8x ( 


% of 7.11 


7.21 Total Operating Add-on Costs of Process: 


7.22 G & A 


% of 7.21 


1.66 $/ 1oad 
107.52 $/1oad 


7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 


107.52 $/load 


174. $/1oad 


7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) j 281.87 $/1oad 


7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate "A 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


0.838 


/ kc 


83 % 


0.695 tn / kc 


1.525 m 


/ load 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 T 7.44) 


155.83 g/ioad 


437.70 $/ load 



287.02 $/ 


184.83 5/ 


7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 i 7.44) 





Process No. 



8. Price Computation 


8.1 


Alternate 1 

8.11 Profit at Expected Rate of 20 % t 36.97 $/ 

(Profit before income taxes; applied to 7,52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work-in-Process (7.51 + 8.11) 
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2 

m 


Revision 


323.98 $ / ni^ 

221.80 $/ ^ 
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8.2 Alternate 2 (SAMICS Methodology): 

8.21 Profit Computation; 

0.9274 * 20.05 $/ load from Subtotal 4.1 = 18.59 

1.946* 4.46 $ / load from Subtotal 4.2 = 8.68 

Subtotal = 27 . 27 

8.22 Costs of Amortization of the One-Time Cost: 


0.192*_ 

66.39 

$/ load 

from 

Subtotal 

2.7 = 

0.192* 

14.96 

$/ load 

from 

Subtotal 

3.5 = 

0 

• 

ro 

00 

?{• 

1 

20.05 

$/ load 

from 

Subto tal 

4.1 = 

2.77* 

4.46 

$/ load 

from 

Sub to tal 

4.2 = 


’ Subtotal 

8.23 Total Net Cost of Equity (8.21 4- 8.22): 


= 33.90 


$/ 1oad 

$/ 1oad 

$/ 1oad 

$/1oad 

$/ 1oad 

$/ 1oad 

$/ load 

$/load 


8.24 Profit and Amortization of Start-up Costs per Unit of Good Output 
Work-in-Process : n 

(Divide Subtotal 8.23 by 1.525 /load from 7.44) 


40. n $/m' 


61.17 $/load 


224.94 

327.13 


8.25 Price of Process ,(7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


</> -C/> 
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0, Output Specification: 


Name of item:_ 

Wafer, as-cut 

Dimensions : 

10-cm diameter, 0.294 ‘^0.04 mm thick 

Material: 

high purity silicon 

Other Specifications: Depth Of subsurface damage 10-15 um 




Process No 


Form X 


- 




Process ; 


University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Sheet generation 


Subprocess : Ingot slicing 

Option: 


Multi blade slurry slicing using the 


900 blade-head machine as proposed by Varian 
for use in 1986. 

INDEX 









Process No, 
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[i_ 


Ej 

p 

0 

2 

— 

0 (4 

0.1 Value Added: 

$/ 



Process Description; Multi blade slurry slicing 

Projection for Varian's slicing machine with 900 blades p e^ head. 

Blades are 0.15 mm thick with 0.30 mm spacers 


04 


1. Input Specification: 

i 

Name of Item: Prepared machine load from 2,4__i_Ql. 

Dimensions; 12-cm in diameter, 40»5 cm long, 10»72 kg single crystal ingots 

Material: 


High purity silicon 


Other Specifications: One silicon crystal mounted on ceramic block 


1.1 Quantity Required; 1Q»72 / load Unit Cost; 70.98 $/ kg Si 


1,2 Input Value: 

$/ 

1.3 Input Cost; 

760.94 $/ load 


Note to Item 1,3; Use price/ if input produced in own plant. 

















'rocess Wo. { 2 j , E.Ei; 
1-3 Expendable Tooling: 


0 4 
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Quantity Required; 


/ : dnit Cost: 


_$/ Cost; 


23 Subtotal Expendable Tooling: 


2.3 J 

Type: 

900-blade drill pin pack consisting 

of 0,15 mm thick, 1095 steel blades 

Revision 

Date 

1 





Quantity Required: 

0.5 

7 

Pack/load: Unit Cost: 39.45 $/ Pack Cost: 


19.73 S/lnari 

2.3_ 

Type: _ 









Quantity Required; 


/ ; Unit Cost; $/ 

Cost ; 



2.3_ 

Type: 









Quantity Required: 


/ : Unit Cost: $/ 

Cost: 


§/ 

2.3_ 

Type: 







JL 


19.73 $ / pack 


.4 Energy 

2.4 J Type: Electrical » 1.67 kW in mam and auxiliary motors 

^Quantity Required; 49 ..3 kWh^loari = Unit Cost: n.n.39 $/lUlh Cost; 

2.4_ lype: 


_Quantity Required; 


Unit Cost: 


J/- 


Cost; 


2.4 Subtotal Energy Costs; 


1 ..57 $/lQad._ 


JL 


1.57 $/1oad 


2.3 Subtotal 2.1 to 2.4; 

2.6 Handling Charge: 5.26 % of item 2.5 


58.53 $; i,Qad, 
3 ^ 0 7 ^.. s/JoadL 


2.7 Subtotal Materials and Supplies; 
(2.5 + 2.6) 


61.60 $/ load 
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3.1 Direct Labor: 


3.1J Category: Semiconductor Assembler Activity: inaHing/nnlnaHing 


^ • X 1 

3*1 

(SAMICS B3096D) 

Amniint Reouired : 0 fi7 

h/ InaH 

: Rate: $ R.qn . 



/h; Load 36.0 

%; Cost: 

3.55_ 


J-Oad 

Seipl cotiductor Assembler 

Activity: Machine supervision 





(SAMICS B3096D) 









Amnnnt: Reouired: 

h/ Inad 

: Rate: $ 3.90 

/h; Load qfi.n 

%; Cost: 

3 . 55 

load 

3.1 

Category: Maintenance Mechanic 

Activity: blade head rhanninn-and adiiist.inn 





(SAMICS B3704D) 









Amount Required: 0.67 

h/ load 

: Rate: $ c;.fi7 

/h; Load 

%; Cost: 

5J7 

?/_ 

load — 





3.1 Direct Labor 

Subtotal: 

12.27 

-JL 

load 

Indirect Labor: 25% of direct 








3.2 

Category : 


Activity: 







Amount Required: 

h/ 

; Rate: $ 

/h; Load 

%; Cost: 




3.2 

Category : 


Activity: 







Amount Required; 

h/ 

; Rat e : $ 

/h; Load 

%; Cost: 




3.2 

Category: 


Activity: 







Amount Required: 

h/ 

; Rate: $ 

/h; Load 

%; Cost: 








3.2 Indirect Labor Subtotal: 

3.07 


load 





3.3 Subtotal 3.1 

and 3.2 

15.34 


load 





3.4 Overhead on 

Labor: 5.26 % 

0.81 


load 





3.5 Subtotal Labor 

16.15 


■load 


Process No. 


m. l-ol 2 1 - 
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4.1 Equipment 

4.1 1 Type: Multiblade slicinq machine 

Cost: 30,000 $; Installation Cost; $; Throughput: 245 />b; V 

Plant Oper’g Time 8280 h/y; Machine Avail' ty: 90 Machine Oper'g Time 745? h/y 

Servicina Costs: Labor h/y at $/h;Parts or Outside Service; 1592.3 $/y 

Useful Life: 7 y; Charge Rate: 21.35 ^ of Cost/y; Capital Cost: 6420 $/y 

32.70 $/load 

4.1 Type; 

$/ 

Cost: §; Installation Cost: $; Throughput: /h; 

Plant Oper’g Time h/y; Machine Avail' ty: %; Machine Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $/y 

4.1 Type; 

■ $/ 

Cost; $; Installation Cost: $; Throughput: /h; 

Plant Oper'g Time h/y; Machine Avail 'ty: %; Machine Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost; $/y 



4.1 Subtotal Equipment Cost: 

32.70 $/ load 



Process 


No. 0.0. 03 “HZ 


4.2 Facilities: 

4.2_1 Type: Slicing machine area 


Charge Rate: 


Heating 
Air Cond’g 
Lighting 


179.13* 


Energy Use: 
!y at _ 

fy at 

/y at 


Revision 


Floor Area; 5.6 
_$/(m^*y); 

Labor: 

$/ \ 

$/ ^ 

I 


jtt ; Throughput : 245 l oads /y 


Maintenance Costs: 


_h/y at 


Supplies i 


.Outside Services: 


Total Cost; 1003.13 $/y 
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4.09 $/ load 


4.2_ Type: 

Charge Rate- 


Heating 
Air Cond’g 


Lighting 


Floor Area: 


m ; Throughput: 


Maintenance Costs: 


Energy Use; 
/y at _ 

/y at _ 

/y at 


Labor: 


h/y at 


Supplies : 


^ Outside Services: _ 

1 Total Cost: 


4 . 2_ Type: 


Charge Rate; 


Heating 


Air Cond’g 
Lighting 


Energy Use: 
/y at _ 

!y at 

/y at 


Floor Area: 


m ; Throughput : 


_$/ (m *y) , . 


Maintenance Costs: 


Labor: 


h/y at 


Supplies : 


Outside Services: 


Total Cost; 


*Includes energy use 


4.2 Subtotal Facilities: 


4.3 Equipment and Facilities Subtotal : 



35.79 $/ load 
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5. Salvaged Material {Work-in-process) 

5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 

5.21 Input Work- in-process 1. Hot Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

5.22 Net Amount of 5.21 which is Sold for Credit As-ls or 


After Applying Re-Process 




5.23 Credit for 5.22 at the Market Value of 

5.24 Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of 

5.25 Net Credit for 5.22 (5.23 minus 5.24) ; 


5.66 kg / load 


5.06 kg / load 


5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 


5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 

5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.2 Times Unit Cost from 1,1) 


Salvaged Materials Siamraary: 


kg / load 


359 J8 $ /load 
401 .76 



5.8 


Total Net 'Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 
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6. Byproducts and Wastes Revision Date 5/78 
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Process No 


T1 |T1 |”o| 2|~| 0| 4 
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7. Process Cost Computation 


Revision 


Form, 

Page 

Date 


. 1 ? 

1 of 1 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) | 114.46 $/1oad 




% of 7.11 


7.21 Total Operating Add-on Costs of Process: 


2.37 $/load 


7.22 G & A 


% of 7.21 


7.31 Total Gross Add-On Cost of Process 


7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 


7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate % 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


0.947 m2 / kg 


95 % 


0.9 m2 / kc 

9.67 m2 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 ^ 7.44) 


116.83 $/1oad 


359.18 $/1oad 


7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) | 476.01 $/1oad 


398.40 $/1oad 


7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) | 874.41 $/ 



90.42 $/ 


7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 r 7.44) 


49.22 ^^ m2 



Process No, 2 i.m.fTTn-rTTri 


8. Price Computation 
8.1 Alternate 1 


8.11 Profit at Expected Rate of 20 % ; 9.S5 $/ 

(Profit before income taxes; applied to 7,52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work-in-Process (7.51 + 8.11) 
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Revis ion 


59.06 $/ 
100-28 ?/ m2 




Process No, 




Revision 


8,2 Alternate 2 (SAMICS Methodology): 
8.21 Profit Computatxon: 

0 . 9274* 32.70 $ / 1 pad 

1,946* $/ 


_from Subtotal 4.1 = 30.33 load 


7.96 


1 oad 


1-946* $ / Subtotal 4.2 = 

Subtotal = 38.29 $/ load 

8.22 Costs of Amortization of the One-Time Cost: 

0.192* 61.60 $/ 1 oad from Subtotal 2.7 = 11.82 $/ load 

0.192* T6-Q75 load Subtotal 3.5 = 3.09 load 

n 32.70 load 9.67 .. load 

0.2y58«‘ $/ from Subtotal 4.1 = $/ 

2.77* 4.09 g / load Subtotal 4.2 = 11 -34 load 

Subtotal = 35.92 $/ load 

8.23 Total Net Cost of Equity (8.21 + 8.22): 

8.24 Profit and Amortization of Start— up Costs per Unit of Good Output 
Work-in-Process : 


3.09 
9.67 
11 .34 


1 oad 
load 


load 


(Divide Subtotal 8.23 by 9 , 67 


Erom 7,44) 

7.67 $/ m2 
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74.21 $/ load 


56.89 

98.10 


8.25 Price of Process (7,52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


-C/> 



9- Process Economic Evaluation: 


9 .1 

Process Cost Balance 

(7.52 - 0.1) 

9.2 

Relative Process Performance ( 9 .I 

9.3 

Output Cost (7.51) 


9 .4 

Output Value (0.2 + 0 

.1) 

9.5 

Relative Excess Cost 

[(9.3 


Form 14 
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Process No. S.m.GH-EID 


0 . 


Output Specification: 

Name of item: Sili con waf6r> 5S cut 

Dimensions : 

Material: High purity silicon 


12 cm in dia., 0.25 mm thickness 


Other Specifications: 


Kerf thickness 0.2 mm 


Form 15 
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Revision 




m.i 

0 

s 


0 

6 


Form 1 


University of Pennsylvania 
PROCESS CHARACTERIZATION 


(UPPC) 

Process: Sheet generation 


Subprocess : 
Option: 


Wafer generation 


Crystal Systems' Fixed 


Abrasive Multiwire Slicing 


INDEX 













Note to Item 1,3; Use price # if input produced in own plant. 




Process No. nn.iD.im 


0 6 


2,2 Indirect Materials (xncl. supplies and non-etiergy utilities): 
2.21 Type: Coolant Water 


Revision 


Form 4 

Page T of 1 

Date 7/78 


Specification: Filtered domestic water flowing at a rate of about 20 g,/h 

(SAMICSC1016B) 


QuanciLv Required: 


333 


a / lO^d ; Unit Cost; 0»113 $/ 100Q Z ; Cost; 

2.2_2 type: Misc. materials: eg. sHcer parts,, .etc. 


Specification: 


Qu anti tv P.equired' 
2.2_ Type: ________ 


/ ; Unit Cost; Q»80 $/ load Cost: 


Specification; 


0.04 $/ load 


0.30 $/ load 


Quantity Required: 


Unit Cost; 


$/ 


Cost: 


2.2 Subtotal Indirect Materials: 


$/ 


0,34 $/ load 



Process No. 2 | , { , [~0 | 2 — 'lO 1 6 


2.3 Expendable Tooling; 


Form 5 
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2.4 Subtotal Energy Costs: 


2.5 Subtotal 2.2L to 2.45 

2.6 Handling Charge; 5.26% of item 2.5 


2.'l 1 Tvoe: 2. 760 wirp-hladp Dackaae sets — — ( 


Quantity Required; 

0.2 

sets/ load; 

Unit Cost: 

25 §/ 

set Cost; 

5 $/.lQd.d . 

2 . 'type : 








Quantity Required; 



/ : 

Unit Cost; 

$/ 

Cost; 

$/ 

2.3 Type; 








Quantity Requxred: 



/ : 

Unxt Cost: 

$/ 

Cost; 

$/ 

2.3 Type; 






1 


Quantity Required: 



/ : 

Unit Cost: 

$/ 

Cost: 

$/ 




2.3 

Subtotal Expendable Tooling: 

5 $/ load 

Energy 







■ 

2.4 1 Type: 2 kW motors 








Quantity Required: 

33.3 

kVIh/load 

Unit Cost; 

0,0319$/. 

kWh Cost; 

1.06 $/ load 

2.4 Tvoe: 








Quantity Required; 

•• 

Unit Cost; 

$/ 

Cost: 

$/ 


1 .06 $/ load 


2.7 Subtotal Materials and Supplies! 
(2.5 + 2,6) 


.LiQ__$/jLQd£L- 


0.34 $/ load 


6.7'4 $/Jj2dd- 


Process No. Ia..1 . UJ. I^Lj_ I " l_Q 6 


3,1 Direct Labor: 

3.1 1 Category; Semiconductor Assembler 

(SAMICS B3096U) 

Amount Required; 0.50 h / load 

3.1_2 Category; Semiconductor Assembler 
(SAMICS B3096D) ^ 

Amount Required ; 1.1 h/ load 

3.1 3 Category; Maintenance Mechanic II 

(SAMICS B3704D) 

Amount Required; ‘»Q h/ loaci 


3.2 Indirect Labor: 25% of direct 

3.2_ Category; 

Amount Required; h/ 

3.2_ Category: 

Amount Required :_ h/ 


3.2_ Category; 

Amount Required; 


h/ 



3.5 Subtotal Labor 



Poriji 7 
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Revision 

4.1 Equipment 

4.1 1 Type; FAM slicina machine with two blade heads 

23.54 $/ load 

Cost: 35,000 $; Installation Cost: $; Throughput: loads /k;y 

Plant Oper’g Time 8280 h/y; Machine Avail' ty: %; Machine Oper'g Time 7n8R h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: 1592.3 $/y 

Useful Life: ^ y. charge Rate: 21.35 % of Cost/y; Capital Cost: 7472.50 $/y 

1 

4.1 Type; .. i 

’ $/ - ■ 

Cost: $; Installation Cost: $; Throughput: /h; 

Plant Oper’g Time h/y; Machine Avail'ty: %; Machine Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: y; Charge Rate; % of Cost/y; Capital Cost: $/y 

4.1 Type: 

$/ 

Cost: $; Installation Cost; $; Throughput: /h; 

Plant Oper'g Time h/y; Machine Avail'ty: %; Machine Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $/y 



4.1 Subtotal Equipment Cost: 

23.54 $/ load 



Process No. 


[ 7 ~| ^ _ 2_]_ " _ 2 _ 6 


4.2 Facilities: 


4 , 2 J Type; Slicing machine area 
Charge Rate: 179.13* 


Heating 
Air Cond'g 
Lighting 


4 . 2__ Type : 

Charge Rate; 


Heating 
Air Cond’g 
Lighting 


Energy Use: 
/y at _ 

/y at _ 

/y at 


Revision 


Floor Area: 7.43 


_m ; Throughput ; 385 loads /y 


_$/(m^*y); 

Labor; 

$/ 1 

_./ ‘ 

I 


Maintenance Costs: 


_h/y at 


Supplies : 


Outside Services; 


Total Cost: 


Floor Area: 


$/ (m *y) ; 


Energy Use; 
/y at 

/y at 

/y at 


m ; Throughput : 


Maintenance Costs: 


Labor : 


h/y at 


Supplies : 


Outside Services: 


Total Cost: 


1330.94 $/y 


Form 8 
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3.46 $/1oad 


4.2_Type: 

Charge Rate: 


Heating 
Air Cond'g 
Lighting 


Energy Use: 
/y at _ 

/y at 

/y at 


Floor Area: 
J~! (m^-y) ; ^ 


m ; Throughput : 


Maintenance Costs; 


Labor : 


h/y at 


Supplies: 


Outside Services: 


Total Cost: 


* Includes energy use 


4.2 Subtotal Facilities: 


4.3 Equipment and Facilities Subtotal : 


3.46 $/ load 


27.00 $/ load 
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Revision 
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5, Salvaged Material (Work-in-process) 


5.1 puantitj' of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 


kg / load 


5,21 Input Work- in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5,1) 


kg / load 


5.22 Net Amount of 5.21 which is sold for Credit As-Is or 


After Applying Re-Prooe 




5.23 Credit for 5-22 at the Market Value of 


5.24 Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of 


kg $/ load 


5.25 Net Credit for 5.22 (5.23 minus 5.24)- 


5.26 Material of Type 1. Lost in Process (5,21 minus 5.22) 


5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 


194.78 $/ loald 


5.4 cost of Work-in-Process Contained in Good Cmtput Work-in-Process 
(Amount 5.2 Times Unit Cost from 1.1) 


194.78 $/ load 


Salvaged Materials Summary; 


5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 




Process No.Q] ^ ^ [ o | 2 | ^ |TiT1 

6. Byproducts and Wastes 

6.1 Solid Byproducts/Wastes 

6.1_1 Type (Composition); Si1 icon-broken wafers 


Physical Shape/Size; 


Den&ity:_ 

Toxicity: 


_g/cm , Water Solubility 
Biodegradable : 


Quantity Produced: 

Energy Content: 

.g/1 at °C: 


Other Remarks: 


Revision 


0 / load 


Form 10 

Page J of ]_ 


Type of Disposal; 


Input Material for: 


Cost/ (Credit) 


6.2 Liquid Byproducts/Wastes (inorganic); 

6-2_J Type (Composition): water and sfllcon kepf 

3 

Density: 1 g/cm ; Suspended Solids; Silicon 


Quantity Produced: 


Amount: 


g/1 pH: >7 


Toxicity: 


Heavy Metal Content ; 21 , 08 g/1 Other Remarks; 


Possible to separate the silicon from water and recycle it. 

Type of Disposal: Silicon filtered out and water recycled thru cooling tower 


Input Material for: 


Cost/ (Credit) $/ 


Carry: 



Form 12 
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Tj (T1 0 Tl— [o Te 

• ^ J « i i 


7. Process Cost Computation 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) | 55.04 $/load 


7.22 Other Indirect Costs: 

O.Q59*f4.lTh 0.108*^ 


% of 7.11 


7.21 Total Operating Add-on Costs of Process: 


56.80 


7.22 G & A 


% of 7.21 


7.31 Total Gross Add-On Cost of Process 


7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 


I ^94.?8j $ /Toad 


7.34 Specific Add-On Cost of Process (7.31 + 7. 33)-(7.32) |251 .58 ' $/ load 


7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate % 


.78 $/']oad 


7.37 Cost of Output Work-in-Process (7.^+ 7.35 + 7.36) g446.?6 $/1oad 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work- in-process do not equal input units) 

7.42 Practical Yxeld 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


tn^ / kc 


inn % 


LOG ml / kv 


15 / load 



7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 T 7.44) 

7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 t 7.44) 


29.77 


16'. 79 


$/ m2 


2 




Process No. in . m . mn-f^ 


8. Price Computation 
8 . 1 Alternate 1 

8.11 Profit at Expected Rate of 20 % ; 3.36 $/ 

(Profit before income taxes; applied to 7,52) 

5.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work-in-Process (7.51 + 8.11) 



Form 13-1 
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20.15 $/ 

33.. 13 jy fj,2 




Process No 


□.Q-EQ-GEI 


8.2 Alternate 2 (SAMICS Methodology) 
8.21 Profit Computation: 


0.9274*_ 

23.54 

-JL 

load 

from 

Subtotal 

4.1 

= 

1.946* _ 

3.46 


load 

from 

Subtotal 

4.2 






4 

Subtotal 


= 

Costs of 

Amortization of the 

One-Time Cost: 



0.192* 

6.74 


load 

from 

Subtotal 

2.7 


0.192* 

21.30 

JL 

load 

from 

Subtotal 

3.5 


0.2958*_ 

23.54 

JL 

load 

from 

Subtotal 

4.1 

— 

2.77* 

3.46 

JL 

load 

from 

Subtotal 

4.2 

_ 





- 

Subtotal 

— 

— 


Revision 


8.23 Total Net Cost of Equity (8.21 + 8.22): 

8.24 Profit and Amortization of Start-up Costs per Unit of Good Output 

Work-in-Process: « 

(Divide Subtotal 8.23 by 15 / load from 7.44) 

3.37 $/ load 
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21.83 

$/ 

load 

6.73 

JL 

load 

28.56 

$/ 

load 

1.31 

$/ 

load 

4.08 

$/ 

load 

6.96 

$/ 

load 

9.58 

$/ 

load 


21.94 

JL 

load 


5Q.50 $/ load 


20.16 
33.14 


8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


</> </> 
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0. Output Specification: 

Name of item; Wafer 

Dimensions : 10 X 30 cm 

Material: Solar grade silicon 


Revision 


Date 7/78 


Other Specifications: 


200 pm thick, 3 ym deep fissures 




Process No. nD.tz] 
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University of Pennsylvania 
PROCESS CHARACTERIZATION 
(DPPC) 

Process : Sheet generation 

Subprocess ; Ingot slicing 

Option : Multi Wire slicing 

Yasunaqa YQ-1Q0 (Experimental 1978) 


INDEX 










Form 2 


Page 1 o f 2 






Revision 

Date 4/78 

LlU LiJ . Li. 

2 

1 

bJ 

[jJ 

1 0.1 Value Added: 

$/ 


Process Description: Multiwire slurry vaferinq 

Data obtained from a JPL conducted demonstration run. 

215 slices were made per load and 0.4 mm pitch guides v/ere used 


1. Input Specification: | 

Name of Item: Prepared machine load from 2.4:01: 16 

Dimensions: 7.6 cm-diameter, 8.8cm long, o.94kq/load 

Material: High purity silicon 

Other Specifications: Ingots are mounted on ceramic block 


1.1 Quantity Required: 1.061 kg / load Unit Cost: 155.98 $/ kg 


1.2 Input Value; 

$/ 

1.3 Input Cost: 

165.50 $/ load 


Note to Item 1,3: Use price, if input produced in own plant. 




Process No. | , ^ j 0^ 2 

»— -< — vw4 ^ Vi ' ' * 


1 


2,2 Indirect Materials (incl. supplies and non-energy utilities); 
2. 2 1 Type; Abrasive 


Revision 


Quantity Required: 


/ ; Unit Cost; 


$/ 


Form 4 
Page 1 of 
_ Date 6 , 11 ?, 


Specification; 13 pmGCl200 abrasive, concentratiQn 1.5 kg/£; 


Is used twice. 5 kg needed 

per load 

— - ■ ^ ^ 

or 2.5 kg consumed per load 


Quantity Required: 

2.5 

kg / load; 

Unit Cost: 12.10 $/ kg ; c 

2.2 2 Type; Lapping oil vehicle 

for abrasive 



.Specification; Is used for 

two 1 oads : 



3.25 1 used 

in each load and 1.625 


^ consumed 

in each load 



Quantity Required; 

1 .625 

1 /load ; 

Unit Cost : 1 .25 $/ S, ; 

2.2_ Type; 1 

Specification; 


Cost : 


30 >25 $/ 2 loads 


Cost; 


; Cost: 


2.2 Subtotal Indirect Materials; 


2.031 $/ 2 loads 


$/ 


32.28 $/ load 



Process No. 

2.3 Expendable Tooling: 

2.3_1 Type: Steel wire. 0.16 mm dia. Can be used three times 


Form 5 

Page of 1 
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^ 

-3 

Quantity Required: 5667 m / load Unit Cost: 5.7x10$/ Cost: 

32.30 $/ load 

2 . 3 _ Type : 

Quantity Required: / : Unit Cost: $/ Cost: 

$/ 

2. 3 _ Type: 

Quantity Required: / : Unit Cost: $/ Cost: 

$/ 

2.3 Type: 

Quantity Required: / : Unit Cost: $/ Cost: 

$/ 





2 3 Subtotal Expendable Tooling: 

32.30 $/ load 


. 4 Energy 

2.4 1 Type: Electrical, 0.6 kW total power for main and auxiliary motors 

0.172 $/load 

Quantity Required: 5.4 kWh/load : Unit Cost: 0.0319 $/ kWh Cost: 

2.4 Type; 

$/ 

Quantity Required; : Unit Cost: $/ Cost: 


2.4 Subtotal Energy Costs: 

0.172 g/load 

’ 

< 

2.5 Subtotal 2.1 to 2.45 

2.6 Handling Charge: 5.26 % of item 2.5 

64.75 $/load 

3.40 $/load 



2.7 Subtotal Materials and Supplies: 
(2.5 + 2.6) 

68.15 $/load 





Process No 


■ m.n.m-rnT] 


3.1 Direct Labor: 

3.1J Category: SemiconHiirtnr A<;<:pmh1pr. 

(SAMICS B3096D) 

Amount Required: 0-^5 h / inaH 

3.12 Category; Semiconductor Assembler 

(SAMICS B3096D) 

Amount Required; 0«33 h / load 

3.1 3 Category; Maintenance Mechanic 

" ' (SAMICS B3736D1 

Amount Required: 0.5 h / -load 


3.2 Indirect Labor: 25% Of direct 

3.2_ Category; 

Amount Required: 

3.2_ Category: 


Amount Required; 


3.2_ Category ;_ 


Amount Required ;_ 


Revision 
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Activity; Machine I05d.irig/un1oading 


Rate; $ 3«89 / h; 


%; Cost: 


Activity; machine supervision 


Rate! 


I; Cost; 


Activity; 


Rate: $ 5.67 /h; 


%; Cost: 


3.1 Direct Labor Subtotal: 


6.40 $/1oad 


Activity 


Rate: $ 


/h; Load_ 


%; Cost: 


Activity ;_ 


Rate: $ 


/h; Load_ 


%; Cost! 


Activity ;_ 


Rate: $ 


/h; Load_ 


%; Cost: 


3.2 Indirect Labor Subtotal: 


3.3 Subtotal 3.1 and 3.2 


3.4 Overhead on Labor; 5.26 % 


3.5 Subtotal Labor 


Process No. 


m.n 



Revision 


A.l Equipment 

4.1J Type: Yasunaqa YQ-inO .SI ir.Tng._mar-h.lnp 

Cost: 30,000 $; Installation Cost: n.a. $; Throughput: 745 loads /)b;v 

Plant Oper'g Time 8280 h/y; Machine Avail *ty: 90 %; Machine Oper'g Time 7452 h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: n.a. $/y 

Useful Life: 7 y ; Charge Rate: 21.4 % of Cost/y; Capital Cost: 6420 $/y 
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8.61 $/ load 


4 . 1_ Type : 

Cost: $; Installation Cost: $; Throughput: /h; 

Plant Oper’g Time h/y; Machine Avail 'ty: %; Machine Oper'g Time h/y 

Servicing Costs: Labor ^li/y at $/h;Parts or Outside Service: $/y 

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $/y 


$/ 


4.1_ Type: 

Cost: $; Installation Cost: $; Throughput: /h; 

Plant Oper'g Time h/y; Machine Avail'ty: %; Machine Oper'g Time ^h/y 

Servicing Costs: Labor__ h/y at $/h;Parts or Outside Service: $/y 

Useful Life: ^y; Charge Rate: % of Cost/y; Capital Cost: $/y 


$/ 


4.1 Subtotal Equipment Cost: 


8.61 load 



Process No. 2 , 4 , 0 2 ~ 1 6 


4.2 Facilities: 


Revision 
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4.2_1 Type; Slicing machine area 


Charge Rate: 


Heating 


Air Cond'g 

Lighting 


4.2_ Type; 

Charge Rate: 


179.13* 
Energy Use; 
/y at _ 

/y at _ 

/y at 


Heating 
Air Cond'g 


Lighting 


4.2_ Type; 

Charge Rate: 


Heating 
Air Cond’g 


Lighting 


* Includes energy use 


Energy Use: 
/y at _ 

/y at 

/y at 


Energy Use; 
/y at 


_/y at 
_/y at 


_ Floor Area: 4.0 m ; Throughput; 745 

2 *■ 

' Maintenance Costs: 

Labor: h/y at 

$/ i 

Supplies: 


loads /y 


h/y at 


Supplies; 


Outside Services; 


Total Cost; 71 6.52 $/y 


0.96 $/ load 


Floor Area: 


$/Cm *y); 


Labor; 


m ; Throughput: 

Maintenance Costs; 


Supplies; 


Outside Services: 

V •* 


Floor Area; 


_$/(m -y); | 


Labor; 
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Process No 
5. Salvaged Material (Work-in-process) 
5.1 


5.21 

5.22 

5.23 

5.24 


Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 


Input Work- in -process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

Net Amount of 5.21 which is sold for Credit As-Is or 

After Applying Re-Process 


Credit for 5.22 at the Market Value of 

Cost of Reprocessing Material of 5,22 
at the Average Reprocessing Cost of 


$/ 


$/ 


5.25 Net credit for 5.22 (5.23 minus 5.24): 

5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 


Page 1 o f _j 
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5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 

5 . 4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.2 Times Unit Cost from 1.1) 


Salvaged Materials Summary; 


5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 


0.479 kg / load 

0.456 kg / load 


/ 


$/ 


$/ 


0.456 kg I load 




71.13 ?/ load 


74.72 $/ load 


$/ 


Process No, 0.0. 03- III!] 

6, Byproducts and Wastes 

6.1 Solid Byproducts/Wastes 

6,1_ Type (Composition): 


Physical Shape/Size:_ 


Density 

Toxicity: 


3 

_g/cm ; Water Solubility: 
Biodegradable : 


Quantity Produced: 

Energy Content: 

g/1 at °C: 


Other Remarks: 


Revision 
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Type of Disposal: 

Input Material for: 


Cost/ (Credit) 


6.2 Liquid Byproducts/Wastes (inorganic): 

6.2_1 Type (Composition): GC oil slurr.V 

3 

Density: ~0.9 5g/cm ; Suspended Solids; 


Quantity Produced ; 1 .63 V load 


Amount : 


Toxicity: Heavy Metal Content: mg/l Other Remarks; 

Slurry also contains silicon kerf at a concentration of 0.48 kg/a (790 g/load) 

Type of Disposal; 


Input Material for; 


_Cost/ (Credit) $/ 


Carry 



Process No. [D . □ . HU- DU] 


Revision 
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7. Process Cost Computation 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) | 86.2^ $/ load 


7 . 22 At 




% of 7.11 


7.21 Total Operating Add-on Costs of Process: 


0.61 $/ load 
86,89 $/ load 


7.22 G & A 


% of 7.21 


7.31 Total Gross Add-On Cost of Process 


86.89 $/ load 


7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 


71 .13 $/ load 


7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) | 158.01 $/ load 


7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate % 

7.37 Cost of Output Work-in-Process (7.34 + 7-35 + 7.36) 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


/ kg 


100 % 


0.936 kq/ load 


0.975 m2 / load 


7,51 Cost of Unit of Good Output Work-in- 
Process (7.37 •r 7.44) 


74.72 $/ load 


232.74 $/ load 



238.69 y m2 


7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 i 7.44) 


163.07 


Process No. i.Fi.rTTTi-fTm 


8. Price Computation 
8.1 Alternate 1 


8.11 Profit at Expected Rate of 20 % ! 32.61 $/ 

(Profit before income taxes; applied to 7.52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work-in-Process (7.51 + 8.11) 



Revision 


m2 


Form 13-1 
Page 1 of 2 

Date 4/78 


195.68 $ / 

271.30 


-CO- 




Process No 




Revision 
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Page 1 of 1 
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8.2 Alternate 2 (SAMICS Methodology); 
8,21 Profit Computation: 


0.9274*_ 

8,61 



load 

from 

Subtotal 

4.1 

= 

1.946* _ 

0.96 



load 

from 

Sub total 

4.2 

= 






Subtotal 


= 

Costs of 

Amortization 

of the 

One-Time Cost: 



0,192* 

68,15 

$/ 

load 

from 

Sub total 

2.7 

= 

0.192* 

8.bb ' 

$/ 

load 

from 

Subtotal 

3.5 


0.2958*_ 

8.61 



load 

from 

Subtotal 

4.1 

= 

2.77* 

0.96 

$/ 

load 

from 

Subtotal 

4.2 

= 


Subto tal 

8.23 Total Net Cost of Equity (8.21 4- 8.22); 


= 9.85 $/ load 

= 13.0 8 $/ load 

= 1>64 $/ load 

2.55 $/ load 

= 2.66 $ / load 

= 19.93 $/ load 


8.24 Profit and Amortization of Start-up Costs per Unit of Good Output 
Work-in-Process: 2 

(Divide Subtotal 8.23 by 0.975 in / load from 7.44) 

. 30,55. $/ load 


29.78 


193.62 

269.24 


8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work- in-Proc ess (7.51 + 8.24) 


<y> <n 
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I $/ 

2 

238.69 $/ 

$/ 


9.4) T 9 . 4 J 
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0. Output Specification: 

Name of item: Silicon wafer, as cut ; 

Dimensions : 7.6 cm in dia,, 0.21 + 0.01 mm thickness ^ 

Material : High purity silicon 

Other Specifications: K6rf thickPGSSa 0.2mni 


Subsurface damage depth is approximately 15 ym 




Form X 


c-^ 


Process No . Q] ^ . f~Q I 2 1 - ITIs | 


Process ; 


University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Sheet Generation 

Ingot Slicing 


Subprocess : 

Option: Multi wire Slicing - 1982 projection using 

the Yasunaqa YQ-100 Slicing System 


INDEX 












Form 2 


Process No. 


Page 1 o f 1 
Revision Date 4/78 


0.1 Value iWliitii-: 


128 


.$/ n\‘ 


Process Description; MuUiwire sluirrv wafering as perfnnmpd hy the Yasunaaa slicing system 
data projected from using a 0.3 mm pitch rollerj 

(333 slices per load) , 


1. Input Specification; 

Name of Item: Prepared machine load from 2 -4: 01:0 

Dimensions ; 10 -cm diameter. 10 -cm lona^ 1.837 Rg/Joad. 

Material; 1 silicon crystal mounted on ceramic block 

Other Specifications: - 

See 2*4:01:0 


1.1 Quantity Required; 1.837 kg /load 

Unit Cost; _ 

73.31 $/ kq 


1,2 Input Value! 

$/ 


1.3 Input Cost; 

134.07 $/load 


Note to Item 1,3; Use price, if input produced in own plant. 




Process No. m.m.irm-rnTi 

2.2 Indirect Materials (xncl, supplies and non— energy utilities): 

2.2_1 Type; Abrasive slurry 

Specification; 5 um SiC Abrasive, concentration is not avaiTablp 

— from mater i als cost given for sli c ing a 7.6 cm diameter ingot wi' 

T A 

— the Yasunaaa saw by JPL and using th e rf>1at-(on«;hin Co= cJ-^ 4 — ) 

(T = slicing time, A = water area)* 

Quantity Required; / . unit Coit: f $/_ 

2.2__ Type; 

Specification : 


Revision 


Page 1 of 
Date 4/78 


107.55 $/load 


Quantity P.equired: 


2.2_ Type: 


Specification: 


_/ ; Unit Cost: 


; Cost: 


Quantity Required: 


_/ ; Unit Cost: 


; Cost: 


2.2 Subtotal Indirect Materials: I l(i)7.55 $/ loari 





Quantity Required: 


Form 5 

Page 1 of 1 




2.6 Handling Charge: % of item 2.5l 8.18 $/loM 


2.7 Subtotal Materials and Supplies: 
(2.5 + 2,6) 


163.61 $/lQfliJ 







Process No. m.EI.QIl-EIIl 
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Machine. loading/unloading 


/h; Loa d 36.0 % ; Cost: 


1.32 $/ load 




Cost: 


5.30 $/load 


/h; Load 36.0 Cost: 


3.1 Direct Labor Subtotal: 
& 


3.86 $/ load 


10.48 $/1oad 


/h; Load 


%; Cost: 


/h; Load_ 


%; Cost: 


/h.; Load_ 


%; Cost: 


3.2 Indirect Labor Subtotal: 


$/Joad 


3.3 Subtotal 3.1 and 3.2 


13.10 $/1oad 


3.4 Overhead on Labor: 5.26 % 


0.69 $/ 1oad 


13.79 $/ioad 


3.5 Subtotal Labor 



Form 7 
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Process No. in.m.cnD-EE] 

4.1 Equipment 

4.1_1 Type; Yasunaga YQ-100 Slicing Machine 

Cost; 30,000 $; Installation Cost;_ 


Revision 


n.a. 


$; Throughput; 240 loads /t<;y 


Plant Oper’g Time 8280 
Servicing Costs; Labor_ 

7 


Useful Life; 


h/y; Machine Avail 'ty; 90 % ; Machine Oper'g Tim e 74B? ^h/y 

h/y at $/h;Parts or Outside Service; $/y 

.6420 $/y 


y; Charge Rate; 21.4 % of Cost/y; Capital Cost:_ 


4.1 


Type ;_ 
Cost ; 


$; Installation Cost' 


$; Throughput 


/h; 


Plant Oper'g Time_ 


Servicing Costs: Labor 
Useful Life; 


_h/y; Machine Avail 'ty: %; Machine Oper'g Time_ 

h/y at $/h;Parts or Outside Service: 


y; Charge Rate: 


_% of Cost/y; Capital Cost: 


4.1 


Type:_ 
Cost : 


$; Installation Cost:_ 


$; Throughput 


_/h; 


Plant Oper ' g Time_ 


%; Machine Oper'g Time_ 


^h/y; Machine Avail 'ty:^ 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service:_ 

Useful Life: ^y; Charge Rate: 7^ of Cost/y; Capital Cost; 


h/y 


_$/y 


$/y 


_h/y 


$/y 


$/y 


4.1 Subtotal Equipment Cost: 


_Date 4/78 


26.75 $ /load 


$/ 


$/ 


26.75 $/load 



Process No 


• 12 I.U l. lol2l ~’ lll6 


4.2 Facilities; 

4.2„1 Type; Slicing machine 


charge Rate: 


Heating 
Air Cond'g 
Lighting 


4.2_ Type: 

Charge Rate: 


Heating 
Air Cond’g 
Lighting 


179.13* 


Energy Use: 
/y at _ 

/y at _ 

/y at 


Energy Use ; 
/y at _ 

/y at _ 

/y at 


Revision 


Floor Area: 4,0 


m ; Throughput: 


_$/{m^'y); 

Labor: 

$/ I 

» 

I 


Maintenance Costs: 


_h/y at 


Supplies: 


Outside Services: 


Total Cost; 716.52 


Floor Area: 

.5/ta^); » 

■ ~ H 

. Labor: 


m ; Throughput : 

Maintenance Costs: 


h/y at 


Supplies : 


1 


Outside Services: 


■ Total Cost; 


Form 8 

Page _1 of ^ 

Date 4/78 


2.985 $/ load 


4 . 2_ Type : 

Charge Rate; 


Heating 
Air Cond'g 
Lighting 


Energy Use; 
/y at 

/y at _ 

/y at 


Floor Area: 


_$/ (m *y) ; 


m ; Throughput: 


Maintenance Costs: 


Labor : 


_h/y at 


Supplies : 


Outside Services: 

Total Cost; 




.2 Subtotal Facilities: 


2.985 $/ load 


4.3 Equipment and Facilities Subtotal : I 29.735 $/ load 


*Includes energy use 




Fom 9-1 
Page 1 of 1 
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Revision 
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Salvaged Material (Work-in-process) 

5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 

5.21 Input Work-in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1-1 minus 5.1) 

5.22 Net Amount of 5.21 which is sold for Credit As-Is or 


5.23 

5.24 


5.3 

5.4 


After Applying Re-Process 


Credit for 5.22 at the Market Value of 

Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of 


-$/. 

$/ 


5.25 Net Credit for 5.22 (5.23 minus 5.24): 


5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 


1-22_7 [^g / load 


0.613 kg / load 


0.613 


Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 

Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.2 Times Unit Cost from 1.1) 


Salvaged Materials Summary; 


$/ 


$/ 


kg/ load 


$/ 


44.94 $/ load 


89.95 $/ loa(j 
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6. Byproducts and Wastes 


Revision 


Date 


4/78 



Form 

Page 


No. H . S . [0 12 hi 1 I 6 


Process No. L£J . UU . LiU 
7. Process Cost Computation 


Revision 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 

7.21 Total operating Add-on Costs of Process: 

7.22 G & A 7o of 7.21 

7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate % 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


1.42 m /kg 


1.42 // 

kg 

100 ; 

2.62 

/_ 

load 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 V 7.44) 

7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 ^ 7.44) 


12 

1 o f 1 

^78 

207.135 $ /load 
1.90 $/ load 

209.03 $/ load 

— — 

209.03 $/ load 

$/ 

49.94 $/ load 

l^".17~77load 

89.95 

$7 

T 43 T 92 $7'^°”'^' 



131.27 


$/ m 


96.93 2 

$/ m 




Process No. 



8. Price Computation 


8.1 Alternate 1 


8.11 Profit at Expected Rate of 20 % ! 19.39 $/ 

(Profit before income taxes; applied to 7.52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work- in -Process (7.51 + 8.11) 


Form 13-1 
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116.32 g/ 
150.66 $/ 




Process No 
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8.2 Alternate 2 (SAMICS Methodology); 

8.21 Profit Computation: 

0.9274 * 26.75 $/ load from Subtotal 4.1 = 24.81 $/ Toad 

1.946* 2.985 $/ load from Subtotal 4.2 = 5.81 $/ 1 oad 

Subtotal = 30.62 $/ load 

8.22 Costs of Amortization of the One-Time Cost: 


0.192*_ 

163.61 


1 oad 

from 

Subtotal 

2.7 = 

31.41 


load 

O.I92*_ 

13.79 


load 

from 

Subtotal 

3.5 = 

2.65 


load 

0.2958* 

26.75 


load 

from 

Subtotal 

4.1 = , 

7.91 


load 

2.77* 

2.985 


load 

from 

Sub to tal 

4.2 = 

8.27 


load 






Subtotal 



50.57 

$/ 

load 


8.23 Total Net Cost of Equity (8.21 + 8,22): 

8.24 Profit and Amortization of Start-up Costs per Unit of Good Output 

Work-in-Process: 2 

(Divide Subtotal 8.23 by 2.62 m / 1 oad from 7.44) 


30.86 $/ ni^ 


80.86 $/ load 


127.79 

162.13 


8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


<Tr </> 


Process No, 


Q.CD.m-l 


9. Process Economxc Evaluation: 

9.1 Process Cost Balance (7.52 - 0.1) 

9.2 Relative Process Performance (9*1 

9.3 Output Cost (7.51) 

9.4 Output Value (0.2 + 0.1) 

9.5 Relative Excess Cost “ 


Form 14 
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Dimensions: 10 cm in dia>, 0.2mm Thickness 

Material: high purity silicon 

Other Specifications: 0.1 mm kerf Thickness 

333 wafers sliced p er 1 oad 


Process No 


EJ.CD. 


0. Output Specification: 

Name of item: Silicon wafers, as-cut 




Process No. [D.CD.0Z]-[nEI 


Form jl 


Process : 


University of Pennsylvania 
PROCESS CHARACTERIZATION 

(UPPC) 

Sheet generation 


Subprocess : 
Option : 


Wafer generation 


Inner ^d iameter slicing of a rotating 
crystal as proposed by STC for 1982. 


INDEX 










Form 2 


Process No. 0.0 
Process Description: 


1 7 


Page 1 o f _2 


Revision 

Date 8/78 

0.1 Value Added: | 

$/ 


Inner- diameter slicing of a rotating crystal as projected by STC for 1982, 


1. Input Specification: 

Name of Item: Single, crystal, grounded sil i.c_on._ln_ctQt 

Dimensions; 10-cm diameter. 100-cm long and mass is 1R..'R7R k n 

Material: High purity silicon 

other Specifications: Grounded ingot, ._s_ee 2.4-01-01 



1.1 Quantity Required; 18.378 kg / load Unit Cost: 71.75 _ $/ 


1,2 Input Value: 

$/ 


1,3 Input Cost; 

1318.66 $/load 





Note to Item 1,3; Use price, if input produced in own plant. 




Process Mo . 

2.2 Indirect Materxals (xncl. supplxes and non-energy utilities): 

2.2 1 Type: Alumina dress stick, etc>. . 

Specxf ication: 


Revision 


Form 4 

Page 1 of 1 
Date 8/78 


Quantity Required:_ 


2.2_ Type. 


Specification: 


Quantity Required: 


2,2_ Type: 


Specif xcat ion: 


_/ ; Unit Cost: 


/ ; Unit Cost: 


; Cost: n>a. $/ load 


; Cost: 


Quantity Required: 


/ Unit Cost: 


; Cos t : 


2.2 Subtotal Indirect Materials; 




Process No 


Form 5 


• u] . Lu , mi] -un 


2.3 Expendable Tooling; 

2.3j Type: STC-16 ID diamond -coated blade 

Quantity Required: 0.5 


Page of 1 

Revision Date 8/78 


2.3_ Type; 


2.3_ Type: 


2.3_ Type: 


Quantity Required: 


Quantity Required: 


Quantity Required: 


blades load Unit Cost: 50 $/ h1flrip Gost; 

/ : Unit Cost: $/ Cost: 

/ : Unit Cost; _$/ Cost: 

! : Unit Cost: $/ Cost: 

23 Subtotal Expendable Tooling; 


2.4 Energy 

2.4 2 Type- Power requirement 7S 2 kW 

_Quantity Required; 102 kWh/loa d 

2.4__ Type: 

^Quantity Required; 


$/ 

25 $/ load 


Unit Cost; 0.0319 $/ kWh Cost; 3.25 $/ Inad 

_: Unit Cost: $/ Cost: ^$/ 

2.4 Subtotal Energy Costs: 3.25 $/ load 


28.25 $/1oad 


2.5 Subtotal 2.1 to 2.4i 


2.6 Handling Charge; 5.26 

Z of item 2.5 



2.7 Subtotal Materials and Supplies: 
(2.5 + 2.6) 


29.74 $/1oad 



... 13.H.Q3-in3 


3.1 Direct Labor; 

3 1 1 Category: Semiconductor assembler, 

(SAMICS B3096D) 

Amount Required; 0.50 h / h — 

1 2 r.aff><?orv: Semiconductor assemble_n_ 
- ^ CSAMiCS B3 U%u5 

Amount Required; 2.81 h /^ h — 

3 1 3 Category: Mainten ance Mechanic 


Amount Required 


h/ h_ 


; Rate; 


; Rate: $_ 


; Rate; $ 5.67 


3.2 Indirect Labor; Taken as 25% of direct 

3.2_ Category: 

Amount Required; h/ 

3.2_ Category: 


Amount Required 


3.2_ Category 


Amount Required 


; Rat e ; $_ 


; Rate;' $_ 


Revision 


Rorm 6 
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/h; Load t\ Cost: 


/h; Load__ Cost; 


$/. 

$/ 


/h; Load_ %; Cost; 



msi 


3.5 Subtotal Labor 


Process No. | 2 | ^ , | 0 ^ | - | l[ 7 | 

4.1 Equipment 


Form 7 

Page 1 of 1 
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4.1_1 Type: STC ID slicing machine with capacity to rotate ingot 

Cost: 45,000 Installation Cost: $; Throughput: 158 loads /^;v 

Plant Oper'g Time 8280 h/y; Machine Avail 'ty: 99 %; Machine Oper’g Time 8197.2 h/y 

Servicing Costs: Labo r 52 h/y at 8.12 $/h;Parts or Outside Service; 300 $/y 

Useful Life; ^ y; Charge Rate: 21.35 % of Cost/y, Capital Cost: 10,329.74 $/y 


65.38 $/ load 


4.1_ Type: - 

Cost: $; Installation Cost: $; Throughput: /h; 

Plant Oper'g Time h/y; Machine Avail' ty: %; Machine Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $/y 


$/ 


4.1 


Type : 

Cost: $; Installation Cost: $; Throughput: /h; 

Plant Oper'g Time h/y; Machine Avail'ty: %; Machine Oper'g Time 

Servicing Costs: Labor h/y at $/h; Parts or Outside Service: $/y 

Useful Life: ^y; Charge Rate: % of Cost/y; Capital Cost:_^ $/y 


$/ 


f 

4.1 Subtotal Equipment Cost; I 


65.38 s/ load 



Process No. a.H.EE-OD 


4.2 Facilities; 


Revision 
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4.2j Type; Slicing machine area 


Charge Rate: 


Heating 
Air Cond’g 
Lighting 


4.2_ Type: 

Charge Rate: 


Heating 
Air Cond’g 
Lighting 


179.13* 


Energy Use: 
/y at _ 

/y at _ 

/y at 


Floor Area: 


m ; Throughput: 


Energy Use: 
/y at 

/ y at 

/y at _ 


_$/ (m *y) ; I 

Labor: 

$/ 1 

1 

L _ 


Maintenance Costs: 


_h/y at 


Floor Area: 

$/(m^’y); ^ 

1 


Supplies; 


Outside Services; 


Total Cost; 1343.48 


m ; Throughput: 

Maintenance Costs: 


Labor ; 


h/y at 


Supplies; 


Outside Services; 




Total Cost: 


8.50 $/ load 


4. 2_ Type: 

Charge Rate: 


Heating 
Air Cond’g 
Lighting 


Energy Use: 
/y at ^ 

/y at 

/y at 


Floor Area; 


_$/(m ’y); 


m ; Throughput: 


Maintenance Costs: 


Labor ; 


h/y at 


Supplies : 


Outside Services: 


Total Cost: 


*Irtcludes energy use 


4.2 Subtotal Facilities; 


8.50 $y load 


4.3 Equipment and Facilities Subtotal : 


73.87 $/ load 
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5.3 Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 


5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.2 Times Unit Cost from 1.1) 




Salvaged iVaterials Summary: 


5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 





Process NO, □ . 0 . 0I1-0II 
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7. Process Cost Computation 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) | 131.69 $/ load 


7.22 Qj-h 




2 ot 7.11 


7.21 Total Operating Add-on Costs of Process: 


7.22 G & A 


% of 7.21 


4.62 $/ load 


7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 


136,31 $/ load 


7.33 Cost of Work-in-Process Lost (5.3) 


670.66 $/ load 


7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) { 806.97 $/ load 


7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate % 


647.92 load 


7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) | 1454.89 $/ load 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


0.982 / kc 


0.933 m? kc 


17.161 j load 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 T 7.44) 



84.77 $/ 


7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7,34 t 7.44) 


47.02 



Process No. 


m.[D- 



8. Price Computacion 
8.1 Mtoi'nnte 1 

I 

8.11 Profit at Expected Rate of 20 % ; 9.40 $/ load 

(Profit before income taxes; applied to 7.52) 

8.12 Price of Process (7.52 + 8.11) 

8.13 Price of Work-in-Process (7.51 + 8.11) 


Form 13-1 
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56.42 $/ 

94.17 $/ 




Process No. 


Revision 


Form 13-2 

1 . 

Date R/7fi 


S.2 Alternate 2 (SAMICS Methodology) 
8.21 Profit Computation: 


0.9274*_ 

65.38 

, 

load 

from Subtotal 

4.1 “ 

60.63 

$/ load . 


-1,946* _ 

8.50 

_$/ 

load 

from Subtotal 

4.2 - 

16.54 


load 






Subtotal 


77.17 


load 


Costs of 

Amortization 

of the 

One-Time Cost: 






0.192* 

29.74 

$/ 

load 

from Subtotal 

2.7 - 

5.71 

$/ 

load 


0.192* 

28.17 

$/ 

load 

from Subtotal 

3.5 = 

,5.40 

$/ 

load 


0.2958*_ 

65.38 

Jf 

load 

from Subtotal 

4.1 = 

19.33 

$/ 

load 


2.77* _ 

8.50 


load 

from Subtotal 

4.2 = 

23.65 


load 



Subtotal = RA nf) $/ 

8.23 Total Net Cost o£ Equity (8,21 + 8.22): 

8.24 Profit and Amortization, of Start-up Costs per Unit of Good Output 
Work-in-Process ; 


(Divide Subtotal 8.23 by Ujei 


/ load f rom 7.44) 

7.64 $/ 


131., 17 $/ load 


54.66 

92.41 


8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


-0> -<o 
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Process No. 


cu.m. 



0. Output Specification: 

Name of item: Silicon wafers as cut 

Dimensions: 10-cni diameter, 225 ym thick, 210 ym kerf , 350 wafers/load 

Material: ^‘'9^ purity silicon 
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Other Specifications: 





